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Towards meeting 
the demands of growth 


bow higher metabolic needs of the young which accompany natural growth and 
development, and which are further increased by heavy daily expenditure of energy, 
tend to diminish reserves of physical and nervous vitality. 


**‘Ovaltine’ provides a useful supplement to help to satisfy the extra needs for 
proximate and accessory food principles. The malt, milk, cocoa, soya and eggs 
which ‘Ovaltine’ contains are blended to form a highly nutritious food beverage 
—deliciously flavoured and easily assimilated. 


It is of value in helping to maintain normal weight increase and is of undoubted 
help to those recovering from the debilitating effects of the common fevers of child- 
hood. For growing children ‘Ovaltine’ is a dietary reinforcement which can be routinely 
recommended with confidence. 


Vitamin Standardization per oz.— 
Vitamin B,, 0.3 mg.; 
Vitamin D, 350 i.u.; Niacin, 2 mg. 


A. WANDER LIMITED, 42 UPPER GROSVENOR STREET, LONDON W.1 


Manufactory, Farms and ‘Ovaltine’ Research Laboratories: King’s Langley, Herts. 
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REGD. TRADE MARK BRL 1241 


Sodium 6— (2, 6—cimethoxybenzamido) 
penicillanate monohydrate 


A new penicillin has been prepared which is active 


: and yet resists staphylococcal penicillinase. This is a major event 


against the usual penicillin-sensitive microorganisms 


in chemotherapy. From the information given in the British 
Medical Journal last week and in the three papers appearing in 
our present issue there is good reason to hope that the new BRL 
1241 (‘Celbenin’, Beecham Research Laboratories) will be a means 
of controlling the staphylococcal infections which 

have plagued hospitals throughout the world during 


the past ten years. 


EDITORIAL (1960) LANCET, ii, 585 


Seven papers reporting work on Celbenin appeared in the 
British Medical Journal of September 3rd, 1960, on pages 
687, 690, 694, 700, 703, 706 and 708; three in the Lancet of 
September 10th, 1960, on pages 564, 568 end 569. 


CELBENIN is a product of British Research at ven 


BEECHAM RESEARCH Laboratories Ltd. Brentford, England “3%” 
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When there’s a call for 
nutritional supplementation... 


For debility and malnutrition 

All debilitated patients, whether re- 
covering from illness or operation or 
suffering from prolonged ill-health 
need nutritional support. 

BEMAX with its high content of 
essential proteins, vitamins of the B 
complex and E, and minerals including 
iron, is invaluable. It is easily digested 
andistaken readily by patientsofallages. 


BEMAX 


Packs of 5, 10 and 20 ozs. 


For the febrile patient, the 
sick child and the elderly 


—VITAVEL SYRUP—a combination of the 
essential vitamins A, B,, C and D in an 
attractive orange-flavoured syrup base. 
This water-miscible preparation is 
found readily acceptable by children 
and others who dislike fish-liver oils. 


VITAVEL SYRUP 


In bottles of 6 and 40 fl. ozs. 


To meet the extra needs of pregnancy 


A single supplement which supplies 
the vitamins and minerals needed in 
increasing amounts during pregnancy 
and lactation is PREGNAVITE, known 
and found satisfactory by the profes- 
sion for more than 20 years. 


PREGNAVITE 
Packs of 60, 120 and 1,000 tablets 


Standard Reference Cards 


Detailed information on all our 
products is available. Produced 
in accordance with A.B.P.I. 
Specifications, cards can be 
obtained from our representa- 
tive or from Vitamins Ltd. 


there’s call 
for vitamins 
‘om VITAMINS LIMITED 


VITAMINS LIMITED (DEPT. B.B.5), UPPER MALL, LONDON, W.6 
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Milk Foods 


at Happy Christinas with 


iv 


6053 
Dig FOOD of ROYAL BABIES 


relied ypon Minadex to give patients 
from 6 months old to over 60 a 
brighter outlook during and 

after illness. 


Minadex has no BP or BNF 
equivalent. It is the reliable, effective 
and palatable tonic which contiins 
vitamins A and D, iron and other 
important minerals. 


The vitamins in Minadex are made 
from start to finish by Glaxo them- 
selves, the country’s largest producers 
of vitamia A and first in Britain to 
make a vitemin D coxcentrate 
available in large quantities. 


For more than 25 years doctors have * 
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Minadex is still at its pre-war price. * 
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MINADEX 


4 


Trode Mork 


VITAMIN-MINERAL 
TONIC 

Comtosed of vitamins A and D, iron, 
copper and gly cerophosphates of calcium, 
potassium and n:angancse 


Minadex is available in most countries 


Glaxo Laboratories Ltd, 
Greenford, Middlesex BYRon 3434 
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...and for your 


normal babies too! 
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comprehensive vitamin Supplementation 


ABIDEC* DROPS (providing vitamins A, C and D with members of the 
vitamin B complex) are formulated to supply in a single dose the daily 
vitamin requirements of the average child. ABIDEC is instantly miscible 
with milk, purees or other foods. 

ABIDEC CAPSULES, in a single daily dose of one capsule, provide the 


approximate daily requirements of seven essential vitamins for older 
children and adults. 


ABIDEC 


PARKE:DAVIS | 


Abidec Drops in bottles of 10 ml. and 50 ml. each with dropper. 
Abidec Capsules in bottles of 30 and 250 capsules. 


*Trade Mark 


PARKE, DAVIS & COMPANY * HOUNSLOW * MIDDLESEX * TEL.: HOUNSLOW 2361 
eae Inc. USA Liability Limited 


WPS 1076 
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the treatment of Enuresis 


BRAND OF PROPANTHELINE BROMIDE 


Well-established as the accepted oral 
anti-cholinergic agent for peptic ulcer symptoms, 


PRO-BANTHINE is also successfully used 


in the control of enuresis in cases which can 
be helped by inhibiting contraction 
of the bladder and 


thereby improving its capacity. 


Both PRO-BANTHINE (15 mg.) and 
PRO-BANTHINE with Phenobarbitone, 
ne ee : B.P., (15 mg. of each) are available 
: as sugar-coated tablets in 

bottles of 40, 100 and 1,000. 
PRO BANTHINE injections (39 mg.) are 
available in 1 ml. vials, in boxes of 6 and 25. 


Ss E A R LE Literature on request. 


HIGH WYCOMBE, BUCKS, 
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THE GENETIC MECHANISM OF GALACTOSAEMIA* 


BY 


KENNETH HUGH-JONES,t ALVAH L. NEWCOMB and DAVID YI-YUNG HSIA 


From the Genetic Clinic of The Children’s Memorial Hospital, and the Department of Paediatrics, 
Northwestern University Medical School 


(RECEIVED FOR PUBLICATION OCTOBER 8, 1959) 


Galactosaemia is a heredity disease of carbo- 
hydrate metabolism characterized by a failure to 
thrive, vomiting and jaundice in early infancy. 
Babies with this condition usually present with these 
symptoms and they are found to have enlarged 
firm livers, which soon become cirrhotic; this has 
been borne out by autopsy reports. They may be 
oedematous and have a tendency to bleed easily. 
Cataracts and mental retardation are common 
complications. The diagnosis can be confirmed 
by a markedly elevated galactose tolerance test and 
the finding of galactose in the urine. Schwarz, 
Golberg, Komrower and Holzel (1956) showed that 
galactose-1-phosphate accumulated in the erythro- 
cytes of galactosaemic children if they were given 
galactose or milk. This indicated that galacto- 
kinase, which is the enzyme that converts galactose 
to galactose-1-phosphate, must be present in such 
individuals. In the same year, Isselbacher, Ander- 
son, Kurahashi and Kalckar (1956) demonstrated 
a deficiency of galactose-1-phosphate uridyl trans- 
ferase in the red blood cells of these children. This 
indicated that the site of the metabolic block in 
galactosaemia was at the step of: 

Galactose-1-PO, + UDP glucose= 
UDP galactose + glucose-1-PO,. 

It is now generally agreed that galactosaemia is 
transmitted by a Mendelian autosomal recessive 
gene. This is because of its frequent occurrence 
mongst siblings, its equal distribution in both sexes 
nd the increased incidence of consanguineous 
atings amongst the parents of these children. 
olzel and Komrower (1955) attempted to study 
‘e genetics of this condition by subjecting the 
irents of galactosaemic children to a galactose 
‘lerance test. In only one family were they able 

show that both parents were abnormal. In each 
’ the four other families tested only one of the 


OAS 


* These studies were aided by grants from the Chicago Community 
~ ust and the Otho S.A. Sprague Memorial Institute. 
+ Formerly a fellow of the Schweppes Foundation, now at 
Bartholomew’s Hospital, London, England. 
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parents gave an abnormal result; Durand and 
Semach (1955) found an abnormal galactose toler- 
ance test in one parent; Bray, Isaac and Watkins 
(1952); Bain, Bowden, Chute, Jackson, Sass- 
Kortsak and Walker (1957); Schreier, Acker and 
Henckel (1957); and Bennett (1958) failed to demon- 
strate any abnormalities in the parents they tested. 
Hsia, Huang and Driscoll (1958) have since shown 
that a group of heterozygotes can be detected by 
estimating the blood level of galactose-1-phosphate 
uridyl transferase. This is discussed in more 
detail later. 

The purpose of this paper is to present a complete 
family with galactosaemia and to give evidence 
that the disease is transmitted by a Mendelian 
autosomal recessive gene; it also sets out to show 
how enzyme studies in this family confirm the 
recessive mode of inheritance, that heterozygotes 
as a group can be detected and finally it demon- 
strates that galactosaemia can be present in a 
relatively unaffected adult. 


Clinical Description of Family J 


This family came to our notice from a genetic point 
of view as a family suffering from renal glycosuria. 
On investigation it was found that the reducing substance 
in the urine was galactose and as a result, all available 
members of the family have been studied. The pedigree 
is given in Fig. 1 and clinical details below: 


I, R.W., born 1894, had been thought to have diabetes 
mellitus for 16 years but has never needed insulin. 
The reducing substance in his urine has recently 
been shown to be galactose. Now he is in reason- 
ably good health attending to his office business 
daily, and he is of above average intelligence. His 
eyesight is impaired because of cataracts and also 
he has an enlarged firm liver. 

I, B.W., born 1900, is healthy and has no reducing 
substance in her urine. 

II, R.W., born 1925, was known to have had a reducing 
substance in his urine since the age of 11 and to have 
a normal glucose tolerance test. He was healthy 
but not robust, and when put on an ulcer regime 
containing one or two pints of milk a day he found 
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that he felt quite ill and so stopped it himself. He 
has five children, all of whom are well. 


A.J., born 1926, had been thought to have renal 
glycosuria for the past 10 years and when the diag- 
nosis had been established in her children, it was 
found that the reducing substance in her urine was 
also galactose. She prefers to avoid milk, and has 
had much less intermittent diarrhoea, fewer head- 
aches and has felt generally in better health since 
being on a milk-free diet. 


K.M., born 1928, has remained in reasonable 
health but had a reducing substance in her urine 
when she was pregnant. She has had one mis- 
carriage and two healthy children. 

W.W., born 1931, was discharged from the services 
because a reducing substance was persistently found 
in his urine. Otherwise he was healthy. 

H.F., born 1935, has never been robust; she looks 
unwell with a rather pale translucent skin. She has 
had five pregnancies; two ended in miscarriages, 
two were premature births, the babies dying, and 
one a healthy child. She felt ill when pregnant, 
and was known to have a reducing substance in the 
urine at those times. 

S.C., born 1937, was in good health and has no 
reducing substance in her urine. 

J.J., born in 1920, admitted to no ill health and came 
from a large healthy family. 

T.J., born in 1948 at term by caesarean section 
because of a transverse lie, weighed 6 Ib. 143 oz. 
Although not particularly jaundiced at birth, he 
was an extremely difficult baby to feed because of 
vomiting. None of the usual artificial feeds suited 
him. In spite of his not regaining his birth weight 
until he was | month old, he was always an active 
baby. He smiled at 5 weeks, had some control of 
his head at 8 weeks, sat in a high chair at 5 months, 
pulled himself up to stand at 6 months, walked with 


I 


support at 11 months and by himself at 1 year. 
He could say single words at 15 months and talkei 
at 22 months. Hence, there has been no evidenc2 
of any mental retardation and his subsequert 
progress at school has always been more than sati - 
factory. At about the age of 9 months, his mother 
took him off regular milk because she felt it dii 
not suit him, and his condition subsequently in - 
proved. Since the age of about 1 year, he his 
complained of headaches and his mother correlate 4 
these with the taking of milk. He has had mary 
unpleasant ill-defined episodes, which culminated 
in an alarming attack, in which he shook violentl:’, 
had blurred vision, profuse sweating and almost 
lost consciousness. This attack had occurred 
after gulping a large bowl of milk and cereal it 
breakfast and was relieved by taking a sugar drink. 
At this time he was known to have a reducing sub- 
stance in his urine with a normal glucose tolerance 
curve. It was the investigation of this presumed 
hypoglycaemic attack that lead to the establishment 
of the diagnosis of galactosaemia. Examination now 
revealed him to be a tall, thin boy, of 9 years old, 
weight 65 lb., height 55 in. He has red hair and a 
rather translucent skin, bilateral cataracts and pale 
retinae; the liver and spleen were not palpable, and 
there were no other abnormal physical findings. The 
reducing substance in his urine was shown to be 
galactose by its failure to ferment with yeast; this 
was confirmed by the osazone test. Other laboratory 
data are given in Table 1. Since being on a milk- 
free diet, he has grown | in. and gained 33 Ib. in six 
months. Hehas been free of headaches, has felt much 
better and, instead of being a rather docile apprehen- 
sive boy, he has more energy and is full of spirit; in 
addition, his scholastic attainments have improved. 
Any relaxation of his diet, however, brought back 
the headaches and symptoms reminiscent of the 
hypoglycaemic attack. 
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Fic. 1.—Pedigree on Family J. 
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TABLE 1 
LABORATORY AND BRIEF CLINICAL DATA ON FAMILY J 
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Gal-1-P Uridyl Transferase Level Galactose Level Cataracts L.Q. Probable Genetic 
(units/g. Hb) (mg./100 ml. blood) | Status 
Mean S.D. Range No value should be more 
than 50; reading should 
Values for Normals 4-13 +1°4 2-8-7-0 (16)* Spy to fasting level in 
Ts 
Values for Heterozygotes 2-9 1-1-5-5 (23)* Usually normal 
Values for Affected 0-6 +0-47 QO -1-1 (16)* Values more than 50 mg. 
PEDIGREE 
Ref. No. Initials Random | Fasting 1 hr 2hrs | Fasting 1 hr 2 hrs 
1 1 R.W. 0-9 59 115 42 + N Homozygote 
: 2 B.W. 3-4 N Unaffected 
| ae AJ. 1-7 1-8 1-7 8 28 6 N Heterozygote 
Ii 11 EJ. 1-8 1-0 0-9 7 31 10 N Heterozygote 
1 0-6 0-6 0-4 86 54 N Homozygote 
It 2 M.J. 1-8 2-0 2-0 11 49 4 N Possible heterozygote 
It 3 $.J. 1-0 0-8 0:5 10 45 10 ~ N Homozygote 
Tl 4 B.J. 2°5 2°4 —- 10 83 — N Possible heterozygote 
II 1 R.W. 1-1 Heterozygote 
Ii 3 K.M. 3-4 Heterozygote 
Ii 4 W.W. 2:1 Heterozygote 
Ir 5 H.F. 2:3 Heterozygote 
Il 6 Sx. 4-1 Heterozygote 
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* Number of cases of which mean is recorded. 


M.J. was born in 1950. Although her mother had 
some hypoglycaemic episodes during this pregnancy, 
she was born at term by caesarean section weighing 
7 lb. 9 oz. She was breast fed for four months, 
thrived well from the beginning and has always 
been healthy, although she had an intussusception 
at the age of 4 months. She passed her milestones 
normally and is now a healthy intelligent girl. 


S.J., born 1953, at term by caesarean section, 
weighing 6 lb. 14 oz. Vomited constantly from 
birth and had intermittent diarrhoea. When 
mother’s milk failed she was extremely difficult 
to feed on cow’s milk. When first admitted to the 
hospital at 3 months with a tentative diagnosis of 
congenital hypertrophic pyloric stenosis she weighed 
only 8 lb. Every type of milk feed was tried, but 
all were vomited. At 7 months of age she had a 
convulsion, which was thought to be related to an 
attack of pyelitis; at this time she only weighed 
10 lb. She ‘passed her milestones normally, sat 
at 6 months, walked between 10 and 11 months 
and was talking at the age of 2 years. She had 
frequent headaches, a poor appetite and ‘chills’ 
after drinking milk. 

On examination she was found to be 394 in. tall 
and weighed 28 Ib. She, too, has red hair and a 
pale translucent skin unlike her two unaffected 
siblings. She had a palpable liver and bilateral 
cataracts but was otherwise normal. When the 
diagnosis was established in her brother T.J., her 
mother realized that she too was suffering from the 
same disease and enzyme studies confirmed this. 
Since then she has been on a milk-free diet, has 
grown 1} in. and gained 5 lb. in six months. She 
has been free of headaches, felt better and done 
better in school though perhaps not quite so drama- 
tically as her brother. Neither T.J. nor S.J. can 
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Methods and Results. 
done in the usual manner after an overnight fast. 
galactose was given orally in doses of 40 g. for adults, 
1-25 g./kg. body weight for children and 1-75 g./kg. 
body weight for infants. 
others, one and two hours after taking the galactose, 
were collected in heparinized tubes and packed in ice 
until they were brought to the laboratory, the same 
samples being used both for the galactose determinations 
and the enzyme assays. 

Blood galactose was determined by removing the 
glucose with glucose oxidase and estimating the remaining 
reducing substances by the Nelson Somogyi method. 

Galactose-1-phosphate uridyl transferase was estimated 
by the method originally described by Anderson, 
Kalckar, Kurahashi and Isselbacher (1957). 
depends upon incubating a haemolysate of the red cells 
which contain the enzyme with known amounts of 
galactose-l-phosphate and uridine diphosphoglucose 
(UDPG). 
right as shown by the equation above. 
is that amount which will convert one micromole of 
UDPG to UDPGalactose 
incubation period the remaining UDPG is estimated by 
means of uridine diphosphoglucose dehydrogenase in 


tolerate more than 1 oz. of milk on alternate days 
without the recurrence of symptoms. 

B.J. was born in 1955, three weeks prematurely, by 
caesarean section because of a transverse lie. She 
weighed 7 Ib. 11 oz. at birth and has thrived ever 
since. There were no feeding difficulties but a 
congenitally dislocated hip was diagnosed when she 
was 4 months old. It has been satisfactorily treated 
with splints and she stood at 7 months, walked at 
13 months and is now a bright alert little girl. 


Laboratory Data 


Galactose tolerance tests were 
D- 


A fasting blood sample, and 
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The reaction then proceeds from left to 
A unit of enzyme 
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Author 


Von Reuss (1908) 

Goppert (1917) 

Fanconi (1933) 

Boer (1932) 

Mason and Turner (1935) 

Norman and Fashena (1943) 

Mellinkoff, Roth and MacLaggan 
(1945) 

Bruck and Rapoport (1945) 


Goldbloom and Brickman (1946) 


Goldstein and Ennis (1948) 

Greenman and Rathbun (1948) 

Bell, Blai., Lindsay and Watson 
(1950 

Donnell and Lann (1951) 


DuShane and Hartmann (1951) 


Townsend, Mason and Strong (1951) 


Ellenburg and Peterson (1951) 
Gorter (1951) 


McCue (1951, 

De Haas (1951) 

Enns (1951) 

Falls, Lowrey and Anderson (1951) 

Edmonds, Hennigar and Crooks 
1952 

Langewisch and Bigler (1952) 


Bray, Isaac and Watkins (1952) 


Brodie, J. L. (1952) 
(1958) 
Pitt (1952) 
Reiter and Lasky (1952) 
Johns (1953) 
Hsia (unpublished data) (1952) 


Maris and Valcke (1953) 
Birdsong and Wood (1953) 
Hartmann, Grunwaldt and James 


(1953) 
Johnson (1953) 
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TABLE 2 


Case No. 


Details of Families 
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DETAILS ON PUBLISHED CASES OF GALACTOSAEMIA 


Author 


Patz (1953) 
2 

Fox, Fyfe and Mollison (1954) 

LoPresti, Itani and Rice (1952) 

Lockhart and Roboz (1954) 

Bickel and Thursby-Pelham (1954) 

Hudson et al. (1954) ! 


2 
3 

Arthurton and Meade (1954) 

Cox and Pugh (1954) 1 
2 
3 

Hartmann, McCoy, Swarm and 

Nakasato (1954) 

Lodding (1954) = 

Jeune, Charrat and Loaec (1954) 

Holzel and Komrower (1955) 1 
2 
3 
4 
5 


Clay and Potter (1955) 

Mortensen and Sondergaard (1955) 

Ritter and Cannon (1955) 

Durand and Semach (1955) 

Rathbun (1955) 

Flury and Berger (1955) 

Haas and Newman (1955) 

Salt, Ross and Gerrard (1955) 

Smith (1955) 

Kalckar, Anderson and Isselbacher | 
(1956) 2 

3 


Komrower, Schwarz, Holzel and | 
Golberg (1956) 


2 


Turnbull (1956) 


Clément, Combes-Hamelle and 
Saada (1956) 


Rodier (1957) 
Gillot, Schaeffer and Dalaut (1957) 


Bain, Bowden, Chute, Jackson, | 
Sass-Kortsak and Walker (1957) 
2 


> w 


Case No. 


Details of Farnilies 


fox 

As LoPresti et al. (1952. 
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GENETIC MECHANISM OF GALACTOSAEMIA 


TABLE 2 (continued) 


Author Case No. Details of Families 


Schultze-Jena and Schafer (1957) | 
2 

Schreier, Acker and Henckel (1957) 
Wilhelm (1957) ¢ 
Bennett (1958) 
Male 
Female 
Sex not recorded Oo 
Miscarriage or stillbirth & 
Cataracts © 
Cirrhosis 
Reducing substance in urine @ 
Trace of reducing substance in e 

urine 
Abnormal galactose tolerance ® 

test 
Galactosaemia 
Consanguinity + 


the presence of DPN. The amount of haemoglobin 
in the haemolysate is calculated and the enzyme expressed 
as units per g. of Hb. Huang, Hugh-Jones and Hsia 
(1959) have described these methods in detail. 

Using these methods the results obtained in this 
family are given in Table 1. Normal values for this 
laboratory are given at the top of the Table. The 
grandfather, who clinically had had a reducing substance 
in his urine for years (recently proven to be galactose), 
a large liver and cataracts, was found to have an abnor- 
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mal galactose tolerance test and an enzyme level within 
the affected range. The two of his grandchildren, who 
had typical histories of galactosaemia, also had enzyme 
levels within the affected range. The enzyme deter- 
minations on the grandfather’s six children showed them, 
as a group, to be heterozygotes and the only one who was 
free of symptoms had the highest enzyme level. 


Genetic Analysis of Literature 


All the available published literature on galacto- 
saemia has been reviewed. All families containing 
a case of galactosaemia have been tabulated (Table 
2). For a case to be accepted as one of galacto- 
saemia it must have had the typical clinical history 
of failure to thrive and feeding difficulties since 
birth, jaundice and an enlarged liver, a reducing 
substance in the urine after the first week of life 
and albuminuria. The reducing substance must 
have been proven to be galactose either by (1) its 
failure to ferment with yeast, (2) positive mucic acid 
test, (3) osazone crystal formation or (4) by paper 
chromatography. Many cases also had cataracts, 
were oedematous in the first week of life and had a 
tendency to bleed. Once a case had been diagnosed 
in a family others were quite often diagnosed retro- 
spectively. These have been accepted provided 
they had three of the four following findings: 
typical history, cirrhosis, a reducing substance in the 
urine and cataracts. Using these criteria all the 
families, except those containing only one child, 
have been tabulated in Table 3. 

Clinically, as had already been mentioned, it 
seems likely that galactosaemia is transmitted as a 
recessive gene. To confirm this the family data 
collected from the literature have been analysed 


TABLE 3 


ANALYSIS OF THE 57 SIBSHIPS WITH ONE OR MORE CASES OF GALACTOSAEMIA, COLLECTED 
FROM THE LITERATURE, BY THE A PRIORI METHOD (ONE CHILD FAMILIES OMITTED) 


Observed No. of Cases Expected : 
Family Size No. of Families No. of Variance 
Male Female Not Stated Total Cases 
3 15 9 6 5 20 17-142 1-83 
3 20 16 13 32 25-946 5-26 
4 10 12 4 2 18 14-628 4-20 
5 4 5 1 -- 6 6-556 2:37 
6 2 3 3-650 1-55 
7 4 3 1 — 4 8-078 3-88 
9 1 _ oo 2 2 2-433 1-38 
11 1 1 — — 1 2-871 1-805 
ST 48 28 12 88 81-304 22°275 
Standard deviation = 4°72 
Observed cases, excluding cases from families of size one = 88 
Expected number of cases = 81 
‘t? = difference between the observed and expected number of cases 7 


standard deviation 


7 degrees of freedom 
p > 0-05 


| 
3 
| 
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by two methods. In each instance it has been shown 
that the observed frequency of cases was not signi- 
ficantly different from the theoretical incidence 
calculated for a recessive mode of inheritance. 

In the first instance the data was analysed using 
the Weinberg sib method (Schultz, 1936). The 
formula for a recessive mode of transmission is: 


Ta—P 
Top Should equal 0-25 
SE= / Pa 
T-P 
Where: Ta = Total affected children in all the families 
T = Total children in all the families 
P = Probands 
p = Expected frequency of affected 
q = Expected frequency of remainder 


There were 36 families with only one child, of which 
18 were males, 12 females and in six the sex was un- 
recorded; when these were added to the data from Table 
3, the formula became: 
124—93 0:25 x 0:75 
74693 0-2 SE = 153 = 0-035 

Thus, the difference between the observed and expected 
value was not significant. 

The data were also analysed by the ‘a priori’ or Apert’s 
method. Calculating the expected number of children 
to be affected from Hogben’s tables reproduced by Neel 
and Schull (1954) it will be seen from Table 3 that in 
these 57 families (families with only one child were 
Omitted in these calculations) there should have been 
81-3 affected children. The number observed was 88 
The standard deviation is the square root of the sum of 
the variances. The difference between the observed and 
expected was 7; this divided by the standard deviation 
gave a ‘t’ value of 1-5 which for 7 degrees of freedom 
was not significant. Therefore, the difference between 
the observed and expected number of affected children 
was again not significant. 

In the total series, where the sex had been recorded, 
there were 66 males to 40 females. From Table 2 
the sex of the unaffected siblings, where recorded, gave 
a ratio of 32 males to 25 females. There was obviously 
no significant difference between these two figures. 
Many of these galactosaemic children had died within 
the first month of life; therefore, as another comparison, 
the sex ratio at birth of the large Birmingham series 
reported by Crosse (1949) has been used. In this series 
of over 19,000 births there were 53% males and 47% 
females. This gave a calculated incidence of 56 males 
to 50 females for this series. Using the x’ test between 
the observed and calculated values t = 1:92; 1 d.f.; 
p >0-05. So there was no statistical evidence to suggest 
that this difference in sex incidence was of significance. 
These statistical analyses confirm the clinical impression 
that galactosaemia is transmitted by a Mendelian auto- 
somal recessive gene. 


Discussion 
As has already been mentioned, attempts to 
detect the heterozygous carriers of this condition 


by stressing them with galactose tolerance tes 5s 
have not been sufficiently precise to be successful. 


During the past year three groups of worke's 
have been able to demonstrate an abnormali y 
amongst the heterozygous carriers of galactosaemi .. 
Originally Hsia et al. (1958) reported a reductica 
of the enzyme galactose-1-phosphate uridyl tran .- 
ferase in the red cells of a group of 12 heterozygot:s 
as compared with 11 normal controls. Bretthaue., 
Hansen, Donnell and Bergren (1959) modified tle 
original method of assaying the enzyme and fourd 
that they were able to detect the heterozygous grou p 
with less overlap of the results between carriers ard 
controls than the previous worker. Kirkman ard 
colleagues (Kirkman and Kalckar, 1958; Kirkman 
and Bynum, 1959), have reported a more refined 
technique of enzyme assay using oxygen consump- 
tion and by this method have also shown a decrease 
of enzymatic activity amongst the relatives of 
galactosaemic individuals. The first study has 
been enlarged upon by the addition of further data, 
and also by a second attempt to detect the carrier 
state by measuring the accumulation of hexose-|- 
phosphate in the red cells under the stress of a 
galactose tolerance test (Huang et al., 1959). The 
results of these enzyme assays have been analysed 
and are included at the top of Table 1. Although 
it may be difficult to evaluate the significance of the 
results from an individual, the difference between 
the enzyme levels of the normal group and the 
heterozygous carriers gave a value for ‘t’ of 3-0 
with 37 degrees of freedom (16 normal controls and 
a group of heterozygotes consisting of 18 parents 
and five offspring of galactosaemic patients). This 
difference was highly significant (p <0-005). That 
the value for heterozygotes with one abnormal 
gene fell between the normals with no abnormal 
genes and the homozygotes with two abnormal 


genes lent further support to the recessive mode of |) 


transmission. 


The interest in this family lay in the chance 
discovery of an affected adult who had affected 


grandchildren. From our genetic analysis of the | 


literature we would have expected him to have two 
abnormal genes for galactosaemia and therefore, 
for him to have handed on one of the abnormal 
genes to each of his children. This has been elegant- 
ly confirmed by doing the enzyme levels in this 
family; the average enzyme level for his six children 
was 2-5, which was well within the heterozygous 


range. That one of his daughters should have } 


married another unrelated heterozygous carrier 
for galactosaemia was a chance of fate, but of great 
academic interest. That the father of these grard- 


children was a heterozygote was confirmed by the | 


| 
| 
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izyme studies. Therefore, in this family study, 

‘ere was a Clear confirmation of the recessive mode 

* inheritance and a demonstration of the laboratory 
-.chniques for detecting heterozygotes. In addition, 

re use of enzyme determinations was shown in 
confirming the clinical diagnosis. 

It was not generally known that a person with 
ualactosaemia could live to be an adult in reasonable 
health without treatment. One other adult case 
has been found by this laboratory. There were 
three cases in the literature reported by Ritter and 
Cannon (1955) and by Durand and Semach (1955), 
who were not diagnosed until the ages of 5, 14 and 
8 years respectively. They showed little ill effects 
other than cataracts and no doubt could have lived 
normally with no more serious effects than had 
the grandfather I, R.W. Presumably his two 
grandchildren who were not diagnosed until the 
ages of 9 and 5 years could also have survived. 
Mason and Turner’s (1935) original case is now in 
his late 20’s but he is severely retarded. 

Another unusual feature in this family was the 

symptomatology among the heterozygotes. II,-. 
were all heterozygotes because their father I, was 
a homozygote. This has been confirmed by the 
enzyme studies. Three of his four daughters felt 
unwell when pregnant and had mellituria; in one Hg, 
this has been proven to be galactose. His two 
sons had mellituria and after reducing their intake 
of milk their conditions improved. The only child 
in this family who did not have symptoms had an 
enzyme level at the upper end of the heterozygous 
range. Ellenburg and Peterson (1951) and Hudson, 
Ireland, Ockenden and White-Jones (1954) have 
reported siblings of affected cases who showed a 
trace of reducing substance in the urine. LoPresti, 
Itani and Rice (1952) and Kalckar, Anderson and 
Isselbacher (1956) each record a paternal grand- 
father who was intolerant of milk; Holzel and 
Komrower (1955) state that one of the fathers of 
their patients became ill after taking 30 g. of galac- 
‘ose daily. Abnormal galactose tolerance tests 
‘ave been demonstrated in some parents and siblings 
‘hough not regularly (Brodie, 1952; Holzel and 
‘“omrower, 1955; Durand and Semach, 1955; 
somrower, Schwarz, Holzel and Golberg, 1956). 
‘his was not surprising once it was realized that the 
eterozygote has less enzyme available than normal 
nd in some cases this was nearly as little as in 
fected individuals. 


Summary 
A family is presented in which the grand- 
ther was proven to have galactosaemia by galactose 
lerance tests and by the determination of the 


enzyme galactose-l-phosphate uridyl transferase 
level in his blood. His six children were shown by 
similar enzyme studies to be heterozygous carriers 
of the condition and one of these married another 
unrelated heterozygous carrier and they had two 
affected children in their family of four. A complete 
review of the literature is given and genetic analysis 
of the data collected strongly suggests that galacto- 
saemia is transmitted as a Mendelian autosomal 
recessive gene. The results of our laboratory 
studies in the detection of the heterozygous carrier 
in galactosaemia are given and these confirm, in 
this family, this mode of transmission. 


The authors wish to thank Miss Grace Lawrence, 
M.S., for her help in doing the blood galactose deter- 
minations. 
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During recent years there has been a revival of 
the interest in oxygen saturation in the umbilical 
blood; this work was started in the 1930’s by Hasel- 
horst and Stromberger (1931) and several papers have 
been published by different groups (Walker and 
Turnbull, 1953; MacKinney, Ehrlich, Goldberg and 
Cantwell, 1955; Rooth and Sjéstedt, 1955, 1957; 
Bancroft-Livingston and Neill, 1957; Turnbull and 
Baird, 1957). It should be remembered, however, 
that measurements of oxygen saturation mainly 
give an indication of the amount of oxygen present 
in the blood. For a more complete picture of the 
oxygenation it is also necessary to know the oxygen 
tension (pOgs) since that is the force by which oxygen 
is pressed from the vessels into the tissues and 
because the physiological effect of the oxygen 
depends solely on its pOs. 

As oxygen in foetal circulation is obtained from 
maternal blood in the intervillous space of the 
placenta, a comparison between the levels of pO, 
in the intervillous space and in the umbilical vessels 
will indicate the diffusion pressure drop of the 
oxygen between the maternal and foetal circulation 
in the placenta. 


Material and Methods 


“he cord blood was investigated in 178 cases after 
Spontaneous delivery in vertex presentation. One 
hoendred and twenty-eight of the infants were normal 
w hout any signs of asphyxia; 30 infants had signs of 
m d asphyxia, usually with slow or irregular heart beats. 
» >eteen infants had meconium stained amniotic fluid 
\ jout any other signs of asphyxia. 

‘uring labour the mothers were given ‘trilene’ or 

dus Oxide and in some cases a few drops of chloro- 
f a at the moment of delivery. 
he cord was clamped immediately after birth and 
od was drawn from the vein and the arteries into 
irinized syringes. The analyses of the blood were 
‘ed immediately. 
he blood in the intervillous space was investigated 
i °S cases of normal pregnancy. The placenta was 


punctured through the abdominal wall before labour 
had started. Only local anaesthesia was used and no 
complications occurred. Before puncture the placenta 
was localized as carefully as possible by palpation and 
auscultation (Norman, 1953) or sometimes by radio- 
graphs. The puncture was always made below the 
umbilicus on the side of the legs of the foetus. When 
the placenta was punctured, it was an easy matter to 
get 10-20 ml. of maternal blood into a heparinized 
syringe; if the uterine wall only was punctured the out- 
come was a few millilitres of blood obtained with 
difficulty. Punctures of the human placenta have also 
been made by Walker and Turnbull (1959) and Prystow- 
sky (1959). 

The pO, was measured polarographically with the 
Clark electrode as described by us (Rooth, Sjéstedt and 
Caligara, 1959). Within the range of pO, observed here, 
the error of the analyses should be less than + 1 mm. Hg. 

Great care was taken in order to obtain as reliable 
information as possible about the time of gestation. 
Most of the mothers were under observation by the staff 
during pregnancy and any case in which the duration of 
pregnancy was doubtful was rejected from the investi- 
gation. 


Results 


The pO, values from the vein are given in Fig. 1 
and from the arteries in Fig. 2. In normal cases 
two-thirds of the observations from the vein are 
between 25 and 35 mm. Hg; in the arteries two- 
thirds of the values are between 10 and 20 mm. Hg. 
The mean pOg, in normal cases is 29-3 in the vein 
and 18-3 mm. Hg in the arteries. 

Figs. 1 and 2 also give the pO, values for the 
asphyxiated infants and infants with meconium 
stained amniotic fluid. The mean pOg, in the vein 
of the asphyxiated infants is 27-0 and in the arteries 
16-0 mm. Hg. The mean pO, in the vein of the 
infants with meconium stained amniotic fluid is 
29-2 and in the arteries 15-6 mm. Hg. 

In Table 1 the pO, in 113 specimens from the 
umbilical vein and 89 samples from the arteries 
are divided according to gestation time. The 


529 


as: 
en 
ric 
la) 
jaf 
ile 
ra i 
lia BY 
Dis | 
: 
nia 
ry. 
sity 
Ses. 
sis; 
ter. ‘ 
cts. 
de 
ose 
<to- 
<to- 
nter 
zig. 1 
56). , 
nia. 
J. 
lac- 
the 
rics, 
two 
and 
| 
| 


VEIN 
NORMAL 
507 
40; 
N 
30; 
U 
20; 
| 
B 0 
20, 
ASPHYXIATED 
E 
10° 
R 0 
MECONIUM 
0 


10- 15- 20- 26- 30- 
99 149 199 249 299 349 399— 


pO. 

mm.Hg 
Fic. 1.—Distribution of the oxygen tension in the umbilical vein in 
normal and asphyxiated infants and infants with meconium stained 


amniotic fluid. 
y 


differences between the different weeks are small 
and irregular in the whole group as well as in the 
primigravidae (Table 2). 

The results of the analyses of the intervillous 
blood are shown in Fig. 3. The mean pOg is 39-9 
mm. Hg with the range 27-5 to 53-7 mm. Hg. 


Discussion 


The figures available in the literature on the pO, 
of the cord blood are summarized in Table 3. 
Direct measurements have been made by Beer, 
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ARTERIES 


50 NORMAL 
40} 
N 
303 
U 
20; 
ASPHYXIATED 
E 
10+ 
|| 
10, MECONIUM 
pO 5- 10- 16- 20- 26- 30- 35- > 69 
mm.Hg 169 249 299 349 389 


Fic. 2.—Distribution of the oxygen tension in the umbilical arteries 
in normal and asphyxiated infants and infants with meconium 
stained amniotic fluid. 


Bartels and Raczkowski (1955), Wulf (1958) and 
Sjdstedt, Rooth and Caligara (1960). Beer ef al. 
(1955) and Wulf used the potentiometric method of 
Bartels (1951). The mean values of Beer ef al. 
are lower than might be expected from the oxygen 
saturation analyses cited above. They are difficult 
to explain and may be due to the individual cases. 
On the other hand the values given by Wulf corre- 
spond to ours and to the majority of the oxygen 
saturation measurements in the literature and it may 
therefore be assumed that the mean pOg, in the 
umbilical vein in normal cases is about 30 mm. Hg 
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TABLE 1 the shape of the oxygen dissociation curve. In 


©..YGEN TENSION IN THE UMBILICAL CORD BLOOD 
ASTER NORMAL DIFFERENT GESTATION 


| Vein Artery 


Ges- Arterio- 
‘ation Mean pO2 Mean pO; | venous 
(weeks) | Number | (mm. Hg) | Number | (mm. Hg) | Difference 
38 4 31-8 3 21-8 10-0 
39 18 28-5 12 19-9 8-6 
40 36 28-5 30 18-0 10-5 
41 25 31-2 18 17-5 13-7 
42 18 29-6 15 19-3 10-3 
43 12 28-2 li 16-0 12-2 
Total .. 113 29-3 89 18-2 11-1 


at the time of delivery and the corresponding value 
in the arteries is about 18 mm. Hg. 

Wulf shows, as expected, that the pOz in the cord 
blood is less in the asphyxiated cases. In the present 
series the mean difference between the normal 
cases and both the asphyxiated group and the 
meconium group is small, but as shown in Figs. 
| and 2 there are more low values in the two latter 
groups than in the normal cases. In the normal 


TABLE 2 


OXYGEN TENSION IN THE UMBILICAL CORD BLOOD OF 
PRIMIGRAVIDAE AFTER NORMAL DELIVERY IN 
DIFFERENT GESTATION WEEKS 


Vein Artery 
Gestation 

(weeks) Mean pO2 Mean pOo 
Number (mm. Hg) Number (mm. Hg) 

38 2 30-8 9-1 

39 13 29-2 10 20-9 

40 17 28-0 14 17-6 

41 6 30-8 6 20-6 

42 8 33°7 7 25-2 

43 | 8 29-2 6 18-2 

Total | 54 29-7 45 19-9 


cases there are 19% with a pOg in the vein of less 
than 25 mm. Hg, while in the meconium group there 
“re 32% and in the asphyxiated group 40%. The 
corresponding frequency of values less than 15 mm. 
“'g in the arteries is 31, 36 and 50%. 
Just as was found in our study on the oxygen 
-sturation in the cord blood (Rooth and Sjéstedt, 
55), the group labelled ‘asphyxiated’ contains some 
‘ses with normal and others with lowered pOs. This 
explained by the fact that most of our cases of 
ohyxia only manifested themselves temporarily 
the form of foetal bradycardia before birth. 
In comparing the values between the normal 
od the asphyxiated cases it can be seen that the 
‘ferences are much smaller for the pO, than they 
‘e for the oxygen saturation. This is because of 


measurements of adult arterial blood the oxygen 
saturation may vary from between 92 to 96%, 
whereas at the same time the pO, changes from 
70 to 95 mm. Hg. This is because the values lie 
in the horizontal range of the oxygen dissociation 


TABLE 3 
SURVEY OF UMBILICAL CORD BLOOD pO: STUDIES 


Artery Vein 


Author | 
Number | Mean pO2 | Number| Mean 


Normal pregnancy and 

non-asphyxiated infants 
Haselhorst and Strom- 

berger, 1931 a 4 31-0 

Beer et al., 1955 ye 22 9-2 24 22-4 
Wulf, 1958 36 15-7 36 32-0 
Sjéstedt et a/., 1960 .. 51 16-9 68 28-9 
Present investigation .. 96 18-3 128 29-3 

Asphyxiated infants 
Wulf, 1 20 4:0 
Present investigation .. 32 15-8 49 27°9 


curve. With the umbilical blood the opposite 
occurs. The values are now in the range of the 
vertical part of the dissociation curve and although 
the oxygen saturation changes from 70 to 45% the 
tension only decreases from 30 to 25 mm. Hg. 
In this way the already initially low pO, is main- 
tained, although the oxygen supply is reduced. 
This has been called the buffering effect of the 
curve (Barron, 1959). 

Most obstetricians associate the presence of 
meconium staining of the amniotic fluid with intra- 
uterine hypoxia. The present series substantiates 
this in so far as the pOg in the cord blood is low more 
often in the meconium group than in the normal. 
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Fic. 3.—Distribution of the oxygen tension in the intervillous tlood 
of the placenta. 
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According to Walker and Turnbull (1953) 
advancing gestation time especially after 40 weeks 
causes a decrease in the oxygen saturation in the 
cord blood. These results have been confirmed 
by MacKay (1957), whereas no such change has 
been observed by MacKinney et al. (1955), Bancroft- 
Livingston and Neill (1957) or Rooth and Sjéstedt 
(1957). Recently Turnbull and Baird (1957) and 
Walker and Turnbull (1959) have stated that this 
decrease only occurs in primigravidae. 

In his series Wulf had nine cases of prolonged 
pregnancy and found the average pOs in the vein 
to be 13-3 and in the arteries 9-4 mm. Hg. Since 
not less than five of these infants were asphyxiated 
at birth and needed artificial respiration it cannot 
be concluded from Wulf’s data that prolonged 
pregnancy per se decreases the pO, of the cord 
blood. In our series of 113 normal infants 45 
cases have a gestation time of 41 weeks or more 
and, as shown in Tables 1 and 2, the pOg, in the 
umbilical vein and arteries is about the same from 
the 38th to the 43rd week of pregnancy. The same 
is valid for primigravidae. Thus it is not possible 
to demonstrate any physiological change in the 
pO, in the umbilical blood immediately before, 
during or after term. 

Nearly all authors have found the arteriovenous 
difference to be 10-13 mm. Hg (Table 1). Only 
Wulf has a bigger difference, 16 mm. Hg. 

No direct measurement of the intervillous pO, 
has been published, but our mean value, 40 mm. Hg, 
may be compared to that of Prystowsky (1957). 
Prystowsky measured the oxygen saturation and 
estimated the pO, from an oxygen dissociation 
curve without giving any measurements of pH. 
In eight cases he had a mean of 37:5 mm. Hg 
with the range 24-0-72-0 mm. Hg. Walker and 
Turnbull (1959) also measured the oxygen satura- 
tion in the intervillous blood and estimated the 
pO, to be 36-40 mm. Hg. Beer et al.(1955) calculated 
the intervillous pO, as 30-2 mm. Hg, basing their 
figures on their measurements of the cord blood 
and data on the maternal arterial blood. As their 
cord blood figures were much lower than ours, 
as already discussed, it is not surprising to find 
their figure for the intervillous blood lower than 
ours. 

It seems therefore that the normal foetus 
gets its oxygen supply from the maternal side of 
the placenta at a tension of about 40 mm. Hg. 
It is not yet known whether the observed scatter 
of +13 mm. Hg is due to individual variations in 
the mother or to fortuitous sampling near or distal 
to the arterial blood entering the intervillous space. 

Given the data on the pO, of the intervillous 
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blood, umbilical vein and umbilical artery blood t 
is possible to calculate the mean drop in oxyge1 
pressure between the maternal and foetal circulation, 
which is defined as the pressure drop between tle 
intervillous space and the mean between the un.- 
bilical artery and umbilical vein. 
a value of 16 mm. Hg. It should be remembered 
that in no instance have we measured the individu.l 
pressure drop and the figure given here is one based 
on average normal intervillous blood and average 
normal foetal blood. Prystowsky (1957), obtainir.g 
the cord blood one minute after obtaining the 
intervillous samples, has been able in three cases io 
estimate the pressure drop from measurements of 
the oxygen saturation and found 17-7, 18-3 and 
20-4 mm. Hg, i.e. figures of the same order as in our 
measurements. When the mothers were given 
oxygen, Prystowsky (1959) found that the mean 
pressure drop increased to 37-5 mm. Hg. Beer et ai., 
who, as mentioned, have measured pOsz in the cord 
blood, made ingenious calculations of the inter- 
villous space blood. If their figures are used in the 
same way to calculate the mean pressure drop it will 
be 14-4 mm. Hg. From this it seems that the 
normal pressure drop is somewhere between 15 and 
20 mm. Hg. It is noteworthy that this is much 
higher than the corresponding drop in the alveoli, 
where it is of the order of a few mm. Hg. One 
reason for this, besides the obvious anatomical 
differences, is that when the blood is very hypoxic, 
as is that of the cord arteries, a long contact time 
is necessary for complete equilibration, and probably 
the time in question is too short in the placenta. 
It is extremely risky to estimate the pressure drop 
in the tissue between the maternal and foetal circula- 
tion in the placenta from the present figures, but 
at any rate it cannot be higher than the difference 
between the intervillous blood and the umbilical 
vein, i.e. 10mm. Hg. Probably the drop is lower. 


Summary 


The oxygen tension in the umbilical vein at the 
time of delivery in normal cases ranges from 6 to 
46 mm. Hg with a mean of 29-3 mm. Hg. In the 
umbilical arteries the range is from 6 to 32 mm. Hg 
with a mean of 18-3 mm. Hg. 

The mean values in a group of slightly asphyxiated 
infants in both arteries and vein is a few mm. Hg 
lower. 

The mean value in the umbilical vein is the same 
in the normal group as in a group of infants with 
meconium stained amniotic fluid, but the mezn 
value in the arteries in this group is about the same 
as in the asphyxiated group. 


We thus find | 
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a the intervillous space the mean pOzg in 25 cases 
is 59-9 mm. Hg. 


_his study was supported by grants from the Asso- 
c: ion for the Aid of Crippled Children, New York, 
U_3.A., the Swedish Medical Research Council, Uppsala, 
ard Svenska Nationalféreningen mot tuberkulos och 
acdra folksjukdomar, Stockholm, Sweden. 
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ABSENT UMBILICAL ARTERY* 


A REVIEW OF 113 CASES 


BY 


GORDON L. BOURNE} and KURT BENIRSCHKE?{ 


From the Departments of Pathology and Obstetrics, Boston Lying-in Hospital and 
Harvard Medical School, Boston, Mass. 


(RECEIVED FOR PUBLICATION MARCH 23, 1960) 


The umbilical cord normally contains two arteries 
and one vein embedded within Wharton’s jelly 
which is, in turn, enclosed by an epithelial membrane. 

Hyrtl (1870) described the absence of one of the 
umbilical arteries in 12 instances (four infants and 
eight placentae) of which only two infants were 
malformed, one suffering from spina bifida and both 
having cleft palates. He also noted that male 
infants were affected more often than female infants 
and that females lacking one umbilical artery were 
more frequently malformed and often anencephalic. 
Neither the observation of male dominance nor the 
higher incidence of abnormalities in females have 
subsequently been confirmed, although there is a 
high incidence of anencephalic deformity in the 
female infants. He collected a total of 58 cases 
from the literature to add to the 12 of his own. 

Browne (1925) reported a premature infant in 
whom the umbilical cord contained a single artery 
and the umbilical vein was replaced by a capillary 
network. Javert and Barton (1952) reported the 
results of the examination of 1,000 abortuses in 
which histological sections from 104 umbilical cords 
were examined. Only one was found to contain 
a single artery. 

Benirschke and Brown (1955) described a retro- 
spective study of 55 infants in whom one artery 
was missing from the entire length of the umbilical 
cord. Of these 55 only 13 (24%) were considered 
to be normal children and of the remaining 42 
there were 27 (64%) who suffered from a wide range 
of congenital abnormalities, many of whom had 
multiple defects. Placental abnormalities were 
common (39%). Little (1958) examined the umbili- 
cal cords of 1,200 consecutive deliveries, finding 


* This work was supported in part by U.S. Public Health Grant 
No. RG.4966. 

+ Nuffield Travelling Fellow. Present address: Senior Registrar, 
St. Bartholomew’s Hospital, London. 


t Present address: Department of Pathology and Microbiology, 
Dartmouth Medical School, Hanover, New Hampshire. 


that 12 (1 %) contained only one artery throughout, 
and in four (0-3°%) the arteries fused locally near 
the placenta; congenital abnormalities were present 
in 25%. Recently Benirschke and Bourne (1960) 
reported the incidence of absent umbilical artery 
to be 15 (1 %) in 1,500 consecutive deliveries. Eight 
(53%) were considered to be developmentally 
normal, although one was stillborn, whilst seven 
(47°) were found to possess major or minor con- 
genital abnormalities. Only 12 (80%) remain 
alive, one of whom has survived operative treatment 
for oesophageal atresia and tracheo-oesophageal 
fistula. 

It seems fairly certain that the overall incidence 
of this abnormality is in the region of 1% of all 
deliveries. 


series of 100 consecutive unselected twin pregnancies. 


This is much higher than has hitherto been supposed. | 


Materials and Method 


A total of 113 infants in whom one umbilical : 
artery was absent (Fig. 1) has been studied at the |) 
Boston Lying-in Hospital and the Children’s Medical | 


Centre, Boston, Mass. The series is composed of 
55 cases first observed in a mainly retrospective 


study, 15 cases reported to be present in the exami- | 
nation of 1,500 consecutive placentae, together with | 


a further 43 instances observed during the past 


three years in the Pathology Department of the | 


Boston Lying-in Hospital. With the exception of 
some of the 55 instances which were retrospective, 
the examination consisted of a gross evaluation of 
the placenta together with a microscopic study of 
at least three blocks of tissue. These included sec- 
tions from the middle portion of the umbilical 
cord, a segment of rolled membrane and a section 
of full thickness placental tissue. In the event of 
absence of an umbilical artery from the histological 
section of the cord, the secundines, which had been 
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Furthermore, they renort that absent | 
umbilical artery occurred seven ‘.mes (7%) in a | 
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Fic. 1.—Absence of one umbilical artery. Section of the umbilical 

cord showing the dilated vein and a single artery. Note the muscular 

wall and small lumen of the artery. There are no residual ducts or 
vessels present. (H. and E. x 10.) 


stored awaiting ‘histological clearance’, were re- 
examined to confirm the absence of an artery from 
the entire length of the cord. In instances of foetal 
death confirmation of the absence of one of the 
intra-abdominal vessels was sought at necropsy. 
Owing to the high incidence of associated congenital 
abnormalities, it was the usual practice to inform 
the paediatrician immediately upon the finding of 
a single umbilical artery. This assisted in the early 
diagnosis of oesophageal atresia in at least one 
infant. 

A total of approximately 6,000 deliveries occur 
each year in the Boston Lying-in Hospital. With 
the exception of the consecutive series mentioned 
above the placentae are examined in the laboratory 
only when indicated by such conditions as maternal 
iliness or disease; foetal distress, abnormality or 
prematurity; plural pregnancy; hydramnios and 
her complications of pregnancy as well as patients 
© clinical or pathological interest. 

‘t is realized that 98 of the total 113 cases are 
© rived from selected material from which it might 
t erroneous to draw definite and final conclusions. 
e reasons for the selection of the material from 
‘ ich these cases are derived, however, are so 
© erse that there is ample justification for the analysis 
( 2ertain factors. 


Maternal Factors 


\ge. An analysis of the ages of the 113 mothers 
° were delivered of infants lacking one umbilical 


artery is shown in Table 1. It is noticeable that 
26 (62%) of the 42 primigravidae were under the 
age of 25, whereas only 13 (22%) of the 59 multi- 
gravidae were under the same age. Compared with 
the average ages of a control series of patients, 
this series shows an increased incidence of the 
anomaly among the younger primigravidae and the 
older multigravidae. The age groups of the total 
series, however, conform fairly closely to those 
of the controls, because the increased incidence 
at the younger end of the primigravidae scale 
balances the similar, but less well marked, rise at 
the older end of the multigravidae scale. These 
findings are in broad agreement with Baird and 
Walker (1959), who state “The incidence of foetal 
deformity . . . is highest in the 15-19 age group and 
decreases with age till thirty-five; a slight rise occurs 
in the age group 35 and over’. 

The average age of the 19 mothers of infants 
with central nervous system anomalies, 28-3 years 
compared with 28-5 years, failed to confirm that 
these, in particular, occur in a high age group 
(Hegnauer, 1951). 


Parity. Forty-two of the mothers were primi- 
gravidae and 59 were multigravidae whose parity 
varied from one to 15. These are shown in detail 
in Table 2 and agree essentially with the control 
series except for the high number pregnant for the 


TABLE 1 


ANALYSIS OF AGES OF MOTHERS DELIVERED OF 
INFANTS LACKING ONE UMBILICAL ARTERY 


Age | Primigravida Miultigravida Total 
(years) | | 
20 5 | 1 6 
21-25 21 | 12 33 
26-30 | 8 15 | 23 
31-35 | 6 17 | 23 
36-40 | 2 12 14 
41 _ 2 | 2 
Total .. 42 | 59 
Average age . 25-3 30-7 28:5 
TABLE 2 
GRAVIDITY 
| 
Gravidity | No. 
1 42 
y | 21 
3 15 
4 il 
5 3 
6 5 
7 1 
8 2 
15 1 
Total 101 
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sixth time, an observation that is not considered 
to have any significance. 

The 59 women who had been pregnant previously 
had produced a total of 111 live born infants, 12 
stillbirths (a rate of 103 per 1,000) and 32 abortions. 
Four of the 111 live born infants died in the new- 
born period so that only 107 (69%) infants survived 
the newborn period out of a total of 155 previous 
pregnancies. This incidence (31%) of foetal loss 
in the past history of these patients is surprisingly 
high and much greater than the 11% of the control 
series. 


Maternal Diseases. A high incidence of pre- 
eclampsia (30%) was described by Benirschke and 
Brown (1955). This was not confirmed by Little 
(1958). Both authors agree that the large number 
of pre-eclamptic patients in Benirschke’s series was 
the result of material selection and that it did not 
reflect the true incidence of this complication of 
pregnancy. This series of 113 cases includes the 
55 described by Benirschke, together with a further 
58 additional cases in which pre-eclampsia was 
diagnosed in only five (9%) instances. This 
indicates that pre-eclampsia is not associated with 
the absence of an umbilical artery either as an aetio- 
logical factor or as a result of the abnormality. 
Altogether a total of 19 patients (16%) were found 
to be suffering from pre-eclampsia in the total of 113. 

The association, however, of pre-eclampsia and 
a single artery in a total of 19 patients resulted in 
seven stillbirths, three neonatal deaths and nine 
living infants, which illustrates that this combination, 
even if it is fortuitous, is particularly lethal to the 
foetus. 

A careful study of the general health of the mothers 
has not disclosed any factor that might influence 
the pregnancy so as to predispose the foetus to this 
particular anomaly. The high incidence of foetal 
wastage in the previous pregnancies of multigravida 
has been described; a high proportion (8%) of 
patients suffered from antepartum haemorrhage. 

Two otherwise normal infants suffered from 
erythroblastosis foetalis due to rhesus incom- 
patibility, one being stillborn and the other dying on 
the first day. Four of the mothers suffered from 
epilepsy (grand mal). 


Hydramnios. The incidence of foetal abnor- 
mality is particularly high in association with 
hydramnios. Macafee (1950) stated that the inci- 
dence of foetal abnormality was 46% in a series of 
hydramniotic pregnancies. It is not surprising, 
therefore, that there should be a fairly high incidence 
of hydramnios in association with absence of an 


umbilical artery. Nineteen (19%) patients wre 


considered to suffer from hydramnios in the 101 in 
whom adequate information was available and t iis 


figure is probably a conservative estimation, becai se | 
in the original study of 55 cases only four wire 


present, 15 occurring in the last 58 patients. T iis 


high incidence of hydramnios was not confirn.:d | 


by Little (1958). It is interesting that all 19 (100 {) 
of these infants suffered from congenital abnor- 
malities and that 12 were stillborn; five died in ihe 
neonatal period and the two who survive do so 
because of successful surgical treatment of oe:0o- 
phageal atresia. The association between hydram- 
nios and oesophageal atresia is now accepted 
(Scott and Wilson, 1957), and in one of the surviving 
patients the early diagnosis of oesophageal atresia 
was hastened by the finding of umbilical artery 
aplasia within a few hours of the birth of the infant. 


Heredity. There is little or no evidence to show 
that this condition is of an hereditary nature. Only 
one mother was known to suffer from any major 
congenital abnormality (pulmonary stenosis) and 
one had congenital syphilis. No abnormalities 
were known to be present in the male parents but 
they were, necessarily, not subjected to the same 
scrutiny as the mother. Furthermore, the wide 
range of associated congenital abnormalities seems 
to mitigate against a single hereditary factor. 


Four mothers (4%) suffered from grand mal, which 
might be significant, but the numbers are too small | 


to justify the assumption that it was in any way 
a causative factor. 
There is, however, some evidence that the anomaly 


forms part of a diathesis in which abnormalities are , 


frequently multiple and may be recurrent. These 
assumptions are based upon the past history of 59 
multigravid patients in which 48 (31%) out of a 


total 155 pregnancies failed to produce a living child. } 


It is unfortunate that more detail was not available 
concerning the loss of these infants, but such infor- 
mation as is available does not reveal any definite 
recurrence of single umbilical artery abnormality, 
although several are known to have produced 
abnormal infants previously. Several mothers have 
subsequently produced normal children, all of whom 
possessed two umbilical arteries. That these 
patients experience a greater than average difficulty 
in producing living normal children is definite and 
it is possible that the finding of arterial abnormalities 
in the umbilical cord may lead to the recognition 
of such ‘high-risk’ patients even in their first preg- 
nancy. The parents of one infant were known to be 
related cousins; there was no other recorded eviderice 
of consanguinity. 
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The overall mortality in this short series is three 
out of 15 (20%) with one further child surviving 
operative repair of an oesophageal fistula and atresia. 

The relatively high incidence of twin infants in 
this consecutive series (20%) is confirmed to some 
extent by the fact that in a series of 100 consecutive 
twin deliveries an absent umbilical artery was 
present seven (7%) times. The overall incidence of 
ore in 100 is confirmed by Little (1958) and by 
B: urne (1961) who recognized the condition five times 
ir 475 (one in 95) consecutive umbilical cords. 
A similar incidence is also reported by Emig 
(r rsonal communication). 


‘he Fate of the Infants. It is realized that the 
tc | series of 113 cases is partially selected, but 
mn ertheless an analysis of these patients is very 
ir ormative. Table 4 shows the fate of these infants. 


ive Infants. Only 48 (42%) are alive, of whom 
| (29%) are known to suffer from congenital 
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TABLE 3 
DETAILS OF 15 (1%) AFFECTED INFANTS FROM 1500 CONSECUTIVE DELIVERIES 
Gestational Complication Foetal 
umber Sex Twins Age (weeks) of Pregnancy Anomalies Follow-up 
~ i | M a 35 Chorioamnionitis None found Not traced 
2 F — 39 Placental infarct None found Normal 
| 3 F 38 None Forked xyphoid Normal development 
monochorial 
4 M — 42 Irregular heart 0-130; None found Normal 
discharge meconium 
5 M M/M . 38 650 g. lighter than other ey abnormal Developing normally; 
monochorial twin c rh bigger than twin 
6 M — 38 None Slight club foot—right Normal development 
7 F — 40 None None found Normal 
8 F F/M 38 None Hyperteleorism, short No problem 
dichorial : TS 
9 F _ 37 Hydramnios Oesophageal atresia Operated, survived 
and fistula, sacral 
anomaly 
' 10 F — 37 Hydramnios Anencephaly Stillborn 
11 F _— 40 None None found Normal 
12 F — 40 None None found Normal 
13 M — 37 None Renal agenesis, atresia Died 
ani, accessory pan- 
creas, equinovarus 
14 F — 37 Maternal floor infarc- None found Stillborn 
tion; long cord 
15 F — 40 Long cord None found Not traced 
(After Benirschke and Bourne, 1960.) 
The Infants TABLE 4 
Incidence. In the examination of a series of FATE OF THE INFANTS 
1,500 consecutive placentae a total of 15 (1 %) of the 
ae A Infants Nos. % 
umbilical cords were found to contain only one 
artery throughout their length. Seven (46%) of Total 100 
these 15 infants suffered from congenital abnor- Alive .. 42 
malities, of which three were of major significance Known congenital abnormality |. .. 14 
(Table 3). One was a stillborn anencephalic and _,,.,, 65 58 
one died from renal agenesis. There were eight Congenital anomaly incompatible with life 39 
5 n ‘ Congenital anomaly compatible with life 
(53 / 6) normally developed infants of which one was in infants dead of other causes .. 
a macerated stillbirth in whom no congenital infants 
abnormality could be found. 


abnormalities; 27 infants were either seen or were 
considered by their medical attendant to be both 
physically and mentally normal. It was impossible 
to trace seven infants, all of whom, according to 
their records, were normal when last examined. In 
the absence of any information to the contrary 
these infants are considered to be living and normal. 

It has been possible to trace all 14 infants who 
are alive and who suffer from congenital abnor- 
malities of varying severity. Several of these infants 
(Table 5) are not expected to reach adult life and 
two survive only because of successful surgical 
repair of oesophageal atresia. 


Dead Infants. Sixty-five (58%) of the infants 
died or were born dead, of whom 59 (91%) were 
suffering from definite or probable congenital 
abnormalities (Table 4), and only six (9%), 
who died of known causes, were considered to be 
normally developed for their maturity. 


an 
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TABLE 5 
KNOWN ABNORMALITY COMPATIBLE WITH LIFE IN 14 SURVIVORS 
Maturity Weight Sex Abnormality Follow-up Remarks 
(weeks) (ib.) (years) 
40 71 F Congenital heart disease 17 Twin 
41 | 5-1 M Oesophageal atresia 6 Successful operatic n 
36 71 M Brain cysts 4 Very poor prognosis 
37 5-11 M Hydrocele, umbilical hernia, inguinal hernia 4 
32 | 3-6 M Mental defect; optic fundi abnormal 3 Poor prognosis 
42 4-15 F Multiple haemangiomata : 2 
42 6:2 M Arthrogryphosis multiplex cystica, cryptorchid FJ 
ae 2°5 M Cryptorchid 2 Twin 
39 8-0 F Marfan’s syndrome: arachnodactyle 1 
38 5-13 M Sternal abnormality 1 Twin 
38 32 M Cardiomegaly (?) cause | 1 Twin 
38 5-8 M Talipes equinovarus | 0-6 
38 5-1 F Hyperteleorism 0-5 Twin 
36 | 4-6 F Oesophageal atresia | 0-5 Successful operation 
Congenital abnormality of such a major degree TABLE 7 


as to be incompatible with life was present in 39 
(60%) of these children, whilst five (8%) who died 
from other causes were suffering from anomalies 
that probably contributed to their death, and 15 
(22%) were considered to be suffering from a 
congenital abnormality, although severe maceration 
or lack of a post mortem examination prevented 
exact diagnosis. 

Absence of one umbilical artery seems, in itself, 
to be a simple and innocuous congenital abnormality, 
but it is associated with a perinatal mortality 
involving 58% of the affected infants, together with 
a further 12% who are alive but abnormal in some 
way. Such a relationship is considered to be 
significant. 


Congenital Abnormalities. The types of congenital 
abnormality from which the affected infants suffered 
have been classified into systems. These are listed 
in Table 6 and they are detailed in Table 7. 

The majority of the babies suffered from multiple 
defects which, if serious, are listed separately so that 
the total is greater than the number of infants 
concerned. No system or peculiar abnormality is 
particularly prominent, although aplastic lesions of 


TABLE 6 
CONGENITAL ABNORMALITIES 


Abnormalities Nos. | % 
Known congenital abnormalities (mostly 
Neurological . a 19 
Others ra 10 
Possible abnormality (unexamined, dead) eat, Co 14 
No known abnormality 40 35 
Total number of cases 100 


DETAILS OF CONGENITAL ABNORMALITIES 


Abnormality 


Nos. 


Gastro-intestinal 
Oesophageal atresia 
Imperforate anus .. 
Exomphalos 
Malrotation of - 
Herniae 
Cleft palate 
Cysts of larynx 

Skeletal 
Talipes equinovarus 
Poly and syndactyle 
Spine (excluding _— bifida) 
Phocomelia 
Arthrogryphosis 
Achondroplasia 
Arachnodactyle . 
Congenital dislocation hip 
Microphthalmia 

Genito-urinary 
Sexual aplasia 
Renal aplasia 
Polycystic kidneys 
Undescended testes 
Megaloureters 
Hypospadias 
Cryptorchid 
Recto-vaginal fistula 
Clitoral hyperplasia 
Double uterus 

Cardiovascular 
Interventricular defect 
‘Congenital heart disease’ 
Fallot tetralogy 
Triloculare . 
Cardiomegaly 
Coarctation of aorta 
Absent valves 

Neurological . . 
Anencephaly 
Hydrocephaly 
Spina bifida 
Mental defect 
Angioma 
Brain cysts .. 

Cyclops 
Nerve paralysis 

Others 
Turner’s syndrome 
Hyperteleorism 
Haemangiomata 
Pulmonary aplasia 
Splenomegaly 
Asplenia 
Abnormal optic fundi 
Cystic pancreas 
Cystic liver 
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TABLE 8 
LFANTS DEAD OF ABNORMALITIES INCOMPATIBLE 
WITH LIFE 
Stillborn | Neo-natal 
Abnormality Death Total 

Ane ncephaly 5 — 5 
Hydrocephaly 2 4 
Exomphalos 1 1 2 
Congenital heart disease rc 11 15 
Cyclops... 1 1 
Cranial nerve paralysis .. — 1 1 
Spina bifida oe = — 4 4 
Renal aplasia si 1 2 3 
Gastro-intestinal aplasia — 4 4 
‘Total 14 25 39 

TABLE 9 


KNOWN ABNORMALITIES IN INFANTS DEAD 
OF OTHER CAUSES 


Cause of Death Abnormality 


Broncho-pneumonia 
Hyaline membrane 
Stillborn macerated 
Stillborn macerated 
Stillborn macerated 


Syndactyle 
Tracheo-oesophageal fistula 
Unilateral renal hypoplasia 
Cleft palate 

Talipes equinovarus 


the alimentary and genito-urinary tracts are more 
frequent, and lesions of the central nervous system 
less frequent than might be expected. 

Thirty-nine infants died of congenital abnor- 
malities incompatible with life (Table 8). Congenital 
heart disease is the most common abnormality 
considered incompatible with life. Table 9 shows 
the anomalies present in those five infants whose 
death was considered to be due mainly to other 
reasons. 

The congenital abnormalities from which the 
surviving infants suffer together with their weight 
and maturity at birth, sex, period of follow-up and 
comments are shown in Table 5. Several of these 
children will not survive to reach adult life. Eight 
(57°%) were premature by weight although only two 
(14°) were born before the 36th week of gestation. 
This is not surprising if the absence of an umbilical 
ariery slows the actual growth of a foetus in utero, 
bu: it does not necessarily prevent the foetus from 
m.turing. It is upon maturation rather than actual 
bey weight that the infant subsequently depends 
for its survival. 

rivial abnormalities such as cutaneous naevi and 
mor haemangiomata have not been included in 
th: series. The number of uncomplicated or single 
m: formations is very low. There are only 14 
2 4) whilst the number of multiple abnormalities, 
44 76%) is much higher than expected. The great 
inc ease in the incidence of congenital abnormalities 
in is series is due mainly, but not entirely, to a rise 
in the number of multiple abnormalities. Neel 


(1958) found that only 14:9% of malformed 
children had multiple defects; Schull (1958) reported 
that the percentage of infants with multiple abnor- 
malities rose to 34-3 &% if the parents were related. 


Sex. It was suggested by Hyrtl (1870) that there 
is a male preponderance associated with this abnor- 
mality. This was not supported by Benirschke and 
Brown (1955) or Little (1958), nor is it supported 
in the present series, which contains 55 female and 
49 male infants. There is one hermaphrodite and 
the sex of eight infants is not recorded. An analysis 
of the various abnormalities, the stillbirths, surviving 
infants or maturity also fails to show any sex 
domination (other than those which are expected, 
such as the anencephalic infants, all five of whom 
were female). There is, in this series, a total of 
16 twin infants, whose sex is predominantly female. 
There are, in fact, 13 female and three male infants. 
No reason is offered for this apparent female 
dominance, which despite the small number of cases, 
does appear to be significant. 


Side of Absence. It is only possible to define 
the absent side at necropsy. Unfortunately ade- 
quate information is available upon only 22 infants 
in whom the artery was absent, 12 times on the right 
side and 10 times on the left. The intra-abdominal 
part of the umbilical artery was easily recognizable 
in more than half the babies, although in some it 
existed as a very thin threadlike structure. Fig. 2 
demonstrates absence of the right artery. The 
dissection displays the branches of the aorta as seen 
from the dorsal aspect and shows marked aplasia 
of all the aortic branches on the right side. A 
similar developmental abnormality of these vessels 
was frequently noted at necropsy, but the corre- 
sponding lower limb was never smaller than the 
contralateral limb. When present, deformities of 
the lower limbs were usually more severe upon 
the affected side. 


Maturity and Weight. The maturity of 109 
infants is known out of a total of 113. Six were 
non-viable, i.e. born before the 28th week of preg- 
nancy, and 103 were viable. Table 10 shows the 
maturity, sex, average birth weight and average 
placental weight of the infants. The average birth 
weight is lower than normal, especially in the more 
mature age groups. The average placental weight 
is also less than normal. It seems reasonable 
to suppose that the absence of an umbilical artery 
could cause a diminution of oxygen supply to the 
foetus and this theory receives some support from 
the small average foetal weight. There is, however, 
no compensating enlargement of the placenta. 
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Fic. 2.—The viscera of a stillborn infant dissected and photographed 
from the dorsalaspect. Theaortaisnormal. The left iliac, umbilical 
and femoral arteries are normal. The right common iliac artery, 
which is about one quarter of its normal size, is distributed mainly 
along its internal iliac branches. The right umbilical and femoral 
arteries have no visible lumen and exist as threads in connective tissue. 


Infants suffering from congenital abnormalities 
tend to be born prematurely and in this series 56 
(59%) of the 95 viable infants of known weight were 
premature by weight at birth. 


TABLE 10 


MATURITY, SEX AND AVERAGE BIRTH WEIGHT OF 
INFANTS WITH AVERAGE PLACENTAL WEIGHTS 


| | Average 


| Sex Average 
Maturity Number | (if known) Birth Weight | Placental 
(weeks) | | Weight 
M | F | Ib. z. (oz.) 
28 2 1 8 8 
29 2 1 1 4 10 
30 2 1 12 
31 1 — 1 a2 8 9 
5 2 12 13 
33 4 2 14 
34 3 2 1 2 & 12 
35 5 7 | 15 
36 9 5 3 5 4 18 
37 | 11 | 3 6 5 2 14 
39 7 | 6 ts. | 17 
40 | 20 a 6 5 22 
41 6 7 19 
>42 2 |} — | 2 5 0 17 
Not known) 4 
Total ..| 113 48 5$ 


ARCHIVES OF DISEASE IN CHILDHOOD 


Placentae. A relatively high incidence of placent | 
abnormality was recorded by Benirschke and Brovn 
(1955), and Little (1958) reported an increased 
frequency of velamentous insertion of the umbilic il 
cord. In this series there was a total of 32 (29° ) 
placentae that showed gross abnormality includin ;, 
velamentous insertion of the cord (12); circur:- 
margination (five); circumvallation (five); lobed 
(four); placenta praevia (three) and maternal flour 
infarct (three). Massive infarction of the matern.il 
surface of the placenta with resulting intra-uteri:.e 
asphyxia has been noted by Benirschke and Bourne 
(1960) to occur in successive pregnancies and to he 
associated with absence of an umbilical artery. 

Accidental ante-partum haemorrhage occurred in 
six pregnancies from which only one infant sur- 
vived; four were stillborn and one died after 24 
hours. Placenta praevia was present on three 
occasions. A history of threatened abortion was 
given by eight patients, an episode which did not 
appear to affect adversely the infant’s chance of 
survival. 


Twins. The incidence of absent umbilical artery 
is greatly increased in plural pregnancy. In the 
present series of 113 babies the abnormality occurred 
16 times (14%) in twin pregnancies; only five (31 °%) 
of these 16 infants are alive and well. 

In a consecutive series of 100 twin pregnancies the 
abnormality was present on seven occasions. This 
incidence of 7% of twin pregnancies, or 3:5% of 
twin infants, as compared with an overall incidence 
of 1% appears to be a significant increase. 
A similar unexplained observation (Stevenson, 
Worcester and Rice, 1950) is the finding of a 


doubled incidence of foetal malformation in twin | 


pregnancies. 

Benirschke and Bourne (1960) considered that the 
increase of this anomaly might be caused by a 
relatively higher proportion of monozygous twins. 
This appeared to be correct in a smaller number, 
but the present larger series of 16 infants does not 
support the theory. Six (37%) infants were 
monozygous because of monochorial placentation, 
while 10 (63%) were dizygous because of dichorial 
placentation or heterosexual twins, so that they 
obey the general rule regarding the zygosity of 
twins, which states that nearly one-third are mono- 
zygous and two-thirds dizygous. 


Discussion 


Variations in the number of vessels in the umbilical 
cord are known to occur, but the available informa- 
tion upon their origin and significance is sparse. The 
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st important vascular aberration is absence of one 
_ ‘he two umbilical arteries through the length of the 
-bilical cord and is associated with atresia of the 
“responding intra-abdominal portion of the artery. 
is abnormality is present in 1 % of pregnancies and 
in 7% of twin pregnancies. Anastomoses between 
the umbilical arteries normally occur at the placental 
eid of the umbilical cord either in the cord itself 
or in the adjacent placenta. These anastomoses 
presumably serve to equate the intra-arterial pres- 
sures and ensure equal distribution of blood through- 
out the placenta. They may also act as an arterial 
shunt when a portion of the foetal placental circu- 
lation is closed for physiological or pathological 
reasons and could, therefore, exert a profound 
influence upon the ability of the foetus to maintain 
its placental reserve or to resist the anoxic effects 
of large placental infarcts. 


mocos 


Foetal Abnormalities. The incidence of congenital 
abnormality amongst an average population is 
between 1% and 2°5% of all live and stillbirths 
(Malpas, 1937; Logan, 1951; Lewis, 1956) of which 
approximately half are gross foetal abnormalities. 
Absence of one umbilical artery appears to be the 
commonest major congenital abnormality of the 
human foetus. 

There is a significant rise in the incidence of 
congenital abnormalities associated with foetuses 
having only one umbilical artery. The width’ of 
the range of the congenital abnormalities suggests 
that the absence of an umbilical artery is not a 
secondary effect but is probably a primary lesion 
to which, some at least, of the associated anomalies 
are secondary. 

It is possible that these abnormalities are the 
result of the hypoxia to which the foetus is subjected 
during the organo-genetic period. The efficiency 
of a single artery or the date of closure of a second 
artery, are not standard so that both the time and 
degree of relative oxygen lack would vary widely. 
Tiere is no suggestion that all the anomalies in 
ths series are caused by a single agent, as some are 
cc sidered to be hereditary (Potter, 1952) but, if a 
fa:tor such as anoxia were playing a part in their 
p: duction, it would have to be capable of acting 
o + a long period in order to account for the wide 
ve ety of abnormalities concerned. 

‘owever, the majority of anencephalic infants 
p< -ess two normal umbilical arteries, which indi- 
ce s that either absence of an umbilical artery has 
nN -eratogenetic influence, or, if it does, that there 
a! other agents which are equally effective. Similar 
a’ iments can be forwarded concerning the other 
a! ormalities of this series, in that they also are 
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considered to occur in the presence of two normal 
umbilical arteries so that the precise embryological 
and deyelopmental significance of absence of one 
umbilical artery is unknown. 

The high incidence of associated foetal abnor- 
mality occurring in babies with only one umbilical 
artery suggests that the ‘anomalies’ are in some way 
connected. The presence of only one artery in the 
umbilical cord may constitute a severe impediment 
to normal foetal development by causing a resistance 
to the blood flow and possible lack of oxygen to the 
foetus. This, together with an absence of the 
juxtaplacental umbilical arterial anastomosis, may 
also be a cause of intra-uterine death. This series 
includes 16 twin infants and the fact that 14 (88%) 
of these infants were smaller than their normal 
siblings does support the theory that a single 
umbilical artery impairs normal growth. 

Minor congenital abnormalities are conspicuous 
by their absence in this series. When two factors 
that are known to be associated with major con- 
genital abnormalities are combined, such as hydram- 
nios and absent umbilical artery, the foetal loss is 
particularly high. 


Cardiac Malformation. There are several reasons 
why a high incidence of cardiac abnormalities might 
be associated with absent umbilical artery. In 
itself the absence is an anomaly of the cardiovascular 
system and other changes may occur because the 
artery normally develops during the period of rapid 
formation of the circulatory system. A _ heavy 
strain would certainly be imposed upon the heart 
if a functioning artery underwent degeneration in 
early foetal life. It has been shown that a single 
artery can support an apparently normal foetus 
but the resistance to blood flow and degree of cardiac 
overload must, at times, be considerable and may 
predispose to abnormalities within the heart. One 
might assume that measuring the diameter of the 
remaining artery would offer some means by which 
one could determine if an increased resistance to 
blood flow had existed in intra-uterine life. Un- 
fortunately, the thick muscular wall causes their 
lumina to vary greatly after delivery, so that there 
is no reliable method whereby their functional 
efficiency within the uterus can be assessed (Rey- 
nolds, 1952). 


Aetiology. It is disappointing that even such a 
large series does not give any definite indication 
of the cause of this abnormality. There is no definite 
evidence that the condition is familial or recurrent, 
although it does occur in the children of women 
who have a poor reproductive ability. It is more 
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frequent in the younger primigravida and the older 


multigravida. The fact that four mothers suffered 
from epilepsy is interesting but the number is too 
small to be significant. 

We have considered the possibility that the vessel 
which was formed in a normal manner has subse- 
quently ceased to function, and atrophied. Such 
a cessation of function would cause some anoxia, 
however transient, which could easily disturb the 
embryological development of the foetus and cause 
congenital abnormalities. The time at which the 
artery ceased to function would be the teratogenetic 
termination period and as such would determine 
which foetal organs would be most severely affected. 
If the time varied widely, so would the malformation. 

The theory that the artery once was present and 
functioning is supported to some extent by the in- 
variable presence of an intra-abdominal umbilical 
artery, albeit often attenuated, on the affected side. 
It is, however, difficult to accept that a properly 
functioning umbilical artery could entirely disappear 
from the umbilical cord without leaving some 
histological evidence of its presence. In four 
instances, however, the residual arterial structure 
was present and, having a diameter much greater 
than that of the vitelline vessels, it is assumed that 
these remnants are aplastic umbilical arteries. 

It is our opinion that the second umbilical artery 
was never satisfactorily formed within the umbilical 
cord in the majority of the infants in this series 
but, that in a few instances, a functioning vessel was 
present at some stage of foetal development. 


Clinical Importance. Absence of an umbilical 
artery, occurring in 1°% of patients, is associated 
with a high incidence of foetal abnormality (65%). 
Many of these abnormalities are not obvious, nor 
are they readily apparent upon simple general 
examination of the newborn. In most maternity 
units the placenta, membranes and umbilical cord 
are examined, weighed and measured and it would 
be a simple procedure to examine routinely the 
cut end of the cord. The vessels are easily identified 
and the finding of a single artery should stimulate a 
further and more detailed examination of the infant. 
Such an observation might be of great benefit if the 
presence of unsuspected abnormality were to be 
considered in those cases of single umbilical artery 
encountered. Benirschke and Bourne (1960) report 
that the diagnosis of oesophageal atresia was made 
six hours after delivery in an infant who was re- 
examined following the reported finding of a single 
umbilical artery. The child is well one year after 
surgical treatment for the condition. The impor- 
tance of hydramnios in association with absent 
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umbilical artery is stressed, for, in this series, «ll 
of the 19 infants in whom this combination wis 
present suffered from a major congenital abncr- 
mality. 


Prognosis. Details of the congenital abncr- 
malities suffered by the affected children have be::n 
recorded together with the prognosis both before 
and after delivery. Absence of one umbilical 
artery does in itself diminish a child’s chance of 
survival. The incidence of intra-uterine asphyx:a, 
stillbirth and prematurity is higher than normal. 
The anomaly appears to cause a slowing of intra- 
uterine growth so that the average birth weight is 
less than the expected normal average. It is inter- 
esting to note that these infants, when healthy, are 
similar to twin infants in this respect because their 
ability to survive depends more upon their maturity 
than weight. This series produces further con- 
firmation that this principle applies also to the single 
pregnancies. 

When the infants are born alive their prognosis is 
identical to that of their associated abnormality, 
if present, together with superimposed prematurity. 
As stated above, they withstand prematurity fairly 
well and, having survived the newborn period, they 
develop physically and mentally into normal chil- 
dren, provided, of course, that they are not en- 
cumbered by the frequently associated congenital 
abnormalities. 


Summary 


A total of 113 cases of absence of one umbilical 
artery are presented and analysed, together with a 
review of the literature. 

The abnormality is slightly increased amongst 
the younger primigravidae and the older multi- 
gravidae, but does not increase in incidence as parity 
rises. A total of 59 multiparous women had had 
155 previous pregnancies from which only 107 
(69°%) infants survived. A total foetal loss of 48 
(31%) is considered excessive and indicates that 
these women, as far as reproduction is concerned, 
belong to a high risk group. Hydramnios occurred 
19 times; all (100%) the infants suffered from major 
congenital abnormalities and only two survive as 
a result of surgical treatment for oesophageal 
atresia. There is, at present, no evidence to show 
that the condition is hereditary. 

The incidence of absent umbilical artery is 1°, of 
all births and 7% of twin pregnancies. 

The foetal loss in a consecutive series was 20°, 
but in the total of 113 instances the foetal loss was 
65 (58%). Fourteen of the 48 infants who survive 
are known to suffer from congenital abnormalities. 
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lajor congenital abnormalities were present in 
5: (51%) of the infants; only 40 (35 %) were develop- 
m otally normal and a further 15 (14%) were 
th ught to suffer from a congenital anomaly. The 
abaormalities were mostly multiple and not con- 
fined to any particular system. Obstructive lesions 
or atresia of the gastro-intestinal and urinary 
tracts were relatively common. 

Fifty-six (59%) of the 95 viable infants of known 
weight were premature by weight at birth, but the 
average weight of all the infants at birth was less 
than normal. The placenta was considered to be 
abnormal in 32 (29%) of the pregnancies. 

It is suggested that routine examination of the cut 
end of the umbilical cord at delivery might result 
in early diagnosis of some of the associated congenital 
abnormalities. 
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Addendum 


Since writing this article it has been discovered that 
one of the infants considered to be developmentally 
normal is, in fact, suffering from a marked degree of 
mental retardation. 
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THE NUMBER OF ALVEOLI IN 
THE TERMINAL RESPIRATORY UNIT OF MAN 
DURING LATE INTRAUTERINE LIFE AND CHILDHOOL: 


BY 


J. L. EMERY and A. MITHAL* 
From the Department of Pathology, The Children’s Hospital, Sheffield 


(RECEIVED FOR PUBLICATION MARCH 14, 1960) 


Until recently the child’s lung was considered to 
be a miniature of the adult lung (KOlliker, 1881). 
Broman (1923) demonstrated that the bronchial 
tree underwent further branching after birth (in 
cows), that foetal alveolar ducts became bronchioles 
and that there was a postnatal increase of over 
30% in the number of subpleural vesicles in the 
middle lobe of the right lung in rabbits and man. 

Much work has been done on the minute structure 
of the terminal pulmonary units, of which Miller’s 
book (Miller, 1947) is a landmark. Most of the 
research has been carried out on animals and no 
one, as far as we are aware, has worked on more 
than 15 children’s lungs. No attempt appears to 
have been made to estimate postnatal alveolar 
growth on a quantitative basis. The present report 
records a statistical survey of the growth of the 
human terminal respiratory unit during the latter 
half of intrauterine life and through childhood. 


Material and Methods 


The lungs for study came from 2,500 necropsies 
carried out by the Department of Pathology at the 
Children’s Hospital, Sheffield, during the years 1950-59. 
The routine necropsy practice at this hospital is to fix 
the lung while still attached to the heart and trachea. 
A block of tissue is then taken from each lobe at right 
angles to the direction of the main bronchus and at a 
distance of approximately one-third from the root of the 
lung to the periphery. If pathological lesions are 
suspected elsewhere in the lung, further blocks are taken. 

The whole of the material was surveyed and the sections 
divided into categories indicating whether or not the 
lung showed gross pathology, and whether the tissues 
were well preserved and suitable for detailed study. 
The clinical histories were surveyed and all cases in which 


there was a congenital deformity of the heart, or a gross . 


deformity of any other organ, were eliminated. This 
left approximately 600 well preserved lungs from appar- 
ently normally formed children. (Lungs showing a 


* In receipt of a grant from the Medical Research Council. 


small amount of oedema or areas of partial collapse were 
not eliminated provided the tissues were well preserved.) 

Owing to the high mortality around birth all the 
lungs from older children were used and a random 
selection, based on necropsy number, from those dying 
during 36-40 weeks gestation. When the lungs were 
presented for histological assessment, the person examin- 
ing the sections was not given details of the child’s age 
or the cause of death. 


Method of Assessment of Terminal Segment. Our 
concept of the terminal respiratory unit of the lung is 
of that mass of air spaces distal to a terminal respiratory 
bronchiole, the latter being a complete tube lined by 
epithelium. This, in Miller’s (1947) classification, con- 
sists of the alveolar duct, atria and alveoli. Several 


methods of assessment were tried but the only one | 


showing adequate reproducibility consisted of ignoring 
all the bronchioles completely lined by epithelium and 
noting only those lined by epithelium in one part of the 
wall. From the centre of such a respiratory tube, a 
perpendicular line was dropped on to the nearest and 
definite connective tissue septum (Fig. 1). This vertical 
line was made by using a single hair diaphragm in the 
eye-piece of the microscope. The number of alveoli cut 
by this line was then counted. This method overcomes, as 
far as is possible, the effects of varying degrees of collapse 
or of the presence of fluid or exudate in some alveoli. 
Ten such counts were done from each case. It is sur- 
prising how few such measurements can be taken from 
any one section. After all counts had been completed 
the means were correlated with age on a scatter diagram. 
The lungs from 309 children were examined in this 
way. 

Fig. 1, showing sections from the lungs of a child 
of approximately 28 weeks maturity, and from a child 
of 11 months, illustrates the method of counting the 
alveoli. 


Results 


The final average figures in the different «ge 
groups, together with the errors of the means based 
upon the standard deviations and number of cases, 
are given in the Table and shown graphically in 
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Fic. 1.—Photographs of lungs to illustrate the method of counting: one from a child of 28 weeks gestation (left) and the 
Our other from a child of 11 months (right). The black line indicates the position of the hairline as used under the microscope. _ 
ng is Bot 
atory 
d by TABLE 
con- | ALVEOLAR COUNTS 
veral 
one | | Estimated Number 
: Age Group No. of Radial Alveoli S.D. S.E. of Alveoli for 
ring | Cases Count of Mean Terminal Lung 
and | (mean) Unit 
f the Gestational | 
ye, a | 24-27 weeks 6 2:2 0-60 0-19 42 
d 28-31 weeks | 12 2-6 0-80 0-20 
an 32-35 weeks 10 | 3-2 0-90 0-20 130 
tical 36-39 weeks | 9 | 3-6 0-90 0-20 
h Birth (40 weeks) | 25 | 4:4 0-90 0-17 340 
1 the | 1 wk-4} mths | 38 | 5-5 1-38 0-21 
icut | 5- 9 mths 25 | 6-6 1-68 0-34 
. 10-15 mths 34 | 7-0 1-68 0-22 1,370 
S, aS 15-22 mths 28 71 1-75 0-22 
lapse 23-30 mths 28 7-2 1-42 0-19 
i 2 yrs 7 mths— 3 yrs 6 mths 25 7:3 1-42 0-19 1,556 
cou. 3 yrs 7 mths— 4 yrs 6 mths 15 | 7°5 1-52 0-39 
sur- 4 yrs 7 mths— 5 yrs 6 mths 13 | 7-6 1-12 0-31 1,715 
; 5 yrs 7 mths— 6 yrs 6 mths 8 7:8 1-31 0-28 ae 
rom 6 yrs 7 mths- 7 yrs 6 mths 9 8-0 1-31 0-28 “h 
leted 7 yrs 7 mths— 8 yrs 6 mths 4 8-2 1-50 | 0-28 2,200 
- 8 yrs 7 mths— 9 yrs 6 mths 5 8-5 1-70 0-35 
ram. 9 yrs 7 mths—-10 yrs 6 mths 6 8-7 | 1-80 | 0-40 2,630 
this 10 yrs 7 mths-11 yrs 6 mths 4 9-0 1-82 | 0-40 
‘l yrs 7 mths—12 yrs 6 mths § 9-3 2-00 0-40 3,220 
| | 
hild | 
shild “ *e: Gestational age, based upon the last menstrual period, is used up to birth and postnatal age after birth. F 
the 
! x. 2. There is very great variability between goes from approximately 2:5 at 28 weeks of gesta- 
¢ Idren of the same age; some lungs were found _ tion to 4-4 at full term. By the age of | year, the 
age { m children of 2 years of age showing a similar alveolar count increases to nearly seven. This 4 
ased ¢ eolar count to that of children of 10 years. increase continues in an apparently uniform way mY, 
ses, ' ere is an increase in the alveolar count throughout throughout the whole of childhood, until it reaches te 
y in t.. whole of childhood. The radial alveolar count between eight and nine at the period just preceding : 
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alveclar depth 
birth 


weeks gestation | months 


3 4 5 6 7 8 9 0 I 
years 


Fic. 2.—Graph showing the mean and standard error of mean of the radial alveolar counts (‘alveolar depth’), related to age. 


puberty. Unfortunately we were unable to con- 
tinue our examination into the older age group, 
there being no suitable material available to us. 

The counts given here represent the number of 
acini cut by an apparent random ‘radius’ within the 
terminal respiratory unit. The latter probably 
varies in form but basically is a compressed sphere. 
If this terminal unit were a sphere, the number of 
alveoli in it would be given by the formula 2/3 n°*, 
i.e. approximately 2-1 n® (where ‘n’ is the number 
of alveoli cut by the radius). If the terminal unit 
were a cube, ‘n’ would represent a half of the length 
of a side and the alveolar count (2n)?, i.e. 8n°. 
The formula for a sphere represents the smallest 
theoretical number and that for the cube by no 
means the largest. If we take, for convenience, 
4n®, this gives the terminal respiratory unit at full 
term 4 x (4-4)? = 340 alveoli. At 1 year this 
becomes 1,370, and at 10 years 2,900, i.e. an 
apparent nine-fold increase. 


Discussion 


There is now no doubt that the ideas that the 
lungs are fully formed by 6 months’ gestation, and 
that the act of breathing is responsible for later 
difference in appearance (Barnard and Day, 1937) 
or that the lung is mature at birth (Norris, Kocken- 
derfer and Tyson, 1941), are false. We have found 


that the terminal respiratory unit contains appar- 
ently nine times as many alveoli at the age of 10 


years as at birth. This does not represent the full 
rate of development as this assumes that the total 
number of terminal units remain the same. Willson 
(1928) showed that in white mice there was an 
increase in the number of branches of the respira- 
tory tree from 21 and 23 in the newborn to 29 and 
30 in the adult and, from the study of sections from 
lungs of 15 children, stated that the human lung 
tree showed a similar increase branching after 
birth. Bremer (1935) working on opossum lungs 
suggested that the bronchioles grew distally by 
muscularization and epithelialization of the alveolar 
ducts so that what were at one time alveolar ducts, 
later became respiratory bronchioles. This view was 
also held by Broman (1923). Animals apparently vary 
considerably in the degrees of relative lung maturity 
at birth (Broman, 1923; Engel, 1953), and thus 
animal studies are not directly applicable to man 
in this respect. It has been shown quite conclu- 
sively (Cohn, 1940) that in the rat, there is an active 
production of new alveoli in compensative hyper- 
trophy of a lobe in response to the removal of 
another lobe of the same lung. Evidence regarding 
alveolar growth in man is very scanty and rests 
largely on finding mitotic figures in the lining cells 
of alveoli and respiratory tubules in infants. 
Palmer (1936) found 17 generations of respiratory 
tubes in the human newborn and Broman (1923) 
suggested that there were six to seven further 
generations found after birth. This gives 131,000 
(217) terminal respiratory units at birth and 24, 


| 
1.¢ 
ry 
thet 
ic. 
lati 
(19 
, chil 
tha 
em| 
(9. 
i we a 
| are 
Ha 
on 
cor 
| fur 
sid 
pel 
wa 
cal 
sti 
pr 
no 
br: 
sp: 
co 
se 
ph 
Wi 
elk 
br 
pr 
(I 
th 
th 
j 


NUMBER OF ALVEOLI IN TERMINAL RESPIRATORY UNIT 547 


ix 1,677,000 in the mature lungs (a 127-fold increase 
in terminal units!). We have demonstrated that 
thre is a nine-fold postnatal increase in the number 
oi alveoli in the terminal unit. Thus there is a 
theoretical overall increase of 9 x 127 = 11,243, 
ic. an increase of more than 10,000-fold after 
birth, which is much greater than that of the circu- 
lating blood cells. It is of interest that Willson 
(1928) considered that the air spaces in the young 
child were larger than in the adult, and suggested 
that children were normally in a state of relative 
emphysema. Dubreuil, Lacoste and Raymond 
(1936) considered that the lung of the newborn 
consisted of alveolar ducts only and that all of the 
alveoli developed after birth. 

The method of alveolar multiplication is not 
certain. It has been suggested that the new alveoli 
are formed in utero by the production of septa 
across the existing saccula (Loosli and Potter, 1951). 
Ham and Baldwin (1941), who worked chiefly 
on pigs’ lungs, looked upon the lung in Macklin’s 
concept (1936), as being a structure in a state of 
functional interstitial emphysema, and they con- 
sidered that new alveoli were not produced by the 
peripheral cells, but by the splitting of the alveolar 
walls and the penetration of air between the beds of 
capillaries in a kind of progressive, controlled inter- 
stitial emphysema. The now well established 
presence of a lining membrane to all alveoli, does 
not really invalidate their concept as a thin mem- 
brane could well be ballooned into the interstitial 
space. Fried (1956) from a study of rabbit lungs, 
considered that the interstitial cells of the alveolar 
septa, as well as becoming the _ intra-alveolar 
phagocytes, were also capable of forming alveolar 
walls themselves. Krahl (1955), following up the 
electron-micrographic studies of the lining mem- 
branes of the alveoli made by Low (1953), took the 
problem of development no further than Miller 
(1947) or Morison (1952) in showing that the epi- 
thelium of the peripheral alveoli was less attenuated 
than the most central ones. 

The importance of the postnatal development of 
«‘veoli will be appreciated when we consider the 
| ossibility of factors such as air pollution or repeated 
' spiratory infections interfering with alveolar 


proliferation and resulting in adults with a dimin- 
ished reserve of alveoli. 


Summary 

A systematic and statistical study has been carried 
out on the lungs of children dying during the later 
part of gestation and through childhood up to 
12 years of age. 

An estimate has been made of the number of 
alveoli in the terminal respiratory unit and this 
shows a rapid increase during the first year after 
birth and a steady increase throughout childhood, 
there being apparently a nine-fold increase in the 
alveoli after birth. 

If consideration is also given to the increased 
proliferation of the respiratory tree after birth, 
there is the possibility of a thousand-fold increase 
in the number of alveoli between birth and puberty. 
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CORRELATION BETWEEN BIRTH WEIGHT AND 
CLINICAL FINDINGS IN DIPLEGIA 


BY 


ELSPETH M. RUSSELL 


From the Department of Child Life and Health, Edinburgh, and 
Edinburgh Clinic, Scottish Council for Care of Spastics 


(RECEIVED FOR PUBLICATION MARCH 4, 1960) 


Since the time of Little the role of birth injury in 
the aetiology of cerebral palsy has been much 
debated (Little, 1843; 1862). Freud and Collier 
believed that diplegia often had its origin in prenatal 
life and was less frequently the result of birth injury 
than was generally thought (Freud, 1897; Collier, 
1899, 1924). More recently attempts have been 
made to classify diplegic patients into two main 
groups: 

(1) Those who are delivered prematurely and 
who tend to suffer from paraplegia. This 
group shows, on the whole, normal intelligence 
and no other neurological abnormalities. 

(2) Those of approximately average birth 
weight who show upper as well as lower limb 
involvement. This group tends to show mental 
impairment and other neurological defects 
(Childs and Evans, 1954; Churchill, 1958; 
Polani, 1958). 

The birth weight distributions of patients suffering 
from congenital paraplegia or tri- and tetraplegia 
are generally found to be biphasic. It has been 
suggested that this provides further evidence in 
favour of there being two major aetiological groups 
of diplegic patients (Childs and Evans, 1954). 

In the present study, the birth weight distribution 
of 200 diplegic patients was analysed and correlated 
with the clinical findings. 


Terminology 


Diplegia is used to describe a more or less sym- 
metrical paresis of cerebral origin, more severe in 
the lower limbs than in the upper. The paresis 
may be accompanied by hypotonia, rigidity or 
spasticity of the affected limbs. Patients with marked 
involuntary movements or ataxia were not included. 
The patients were placed in two categories: 

(1) Paraplegics, in whom the upper limbs 
were functionally normal, even though minor 
neurological abnormalities were apparent in 
them. 


(2) Tri- and tetraplegics in whom there was 
some functional involvement of one or boti 
upper limbs (Balf and Ingram, 1955). 


Selection of Patients and Methods of Study 

The series comprised 200 diplegic children referred 
to the Edinburgh Clinic of the Scottish Council for 
Care of Spastics; 58-5°% were males and 41-5% 
females. Their ages ranged from 14 months to 
13 years. 

Patients may be referred to this clinic by school 
medical officers or general practitioners from any 
part of Scotland. Since many patients were sent 
because they were believed to be suitable candidates 
for a special school designed to cater for severely 
physically affected children of average intelligence, 
the series was highly preselected. At the clinic 
detailed histories were taken and examinations made 
by a neurologist, psychologist and orthopaedic 
surgeon. In addition to having access to the 
records of the clinic the parents were interviewed 
and patients examined personally in all but a few 
instances. Any patients in whom a _ postnatal 
cause for the condition was probable were excluded. 


Findings 

Birth Weights. Birth weights were obtained in the 
majority of cases from hospital or nursing home 
records and in the remainder from questioning 
parents. The mean birth weight of 88 paraplegic 
patients was 5-1 Ib. (S.D. 0-23), and of 112 tri- and 
tetraplegic patients was 6-1 lb. (S.D. 0-2). The 
frequency distribution of birth weights in both 
groups shows a bimodal curve (Fig. 1). The dis- 
tribution of birth weights in the general population 
showing a unimodal curve is given for comparison. 
This distribution was obtained from a series of live 
births in an Edinburgh hospital (Drillien and Rich- 
mond, 1956), allowance then being made for infart 
mortality. The paraplegics show a major peak «t 
about 4 lb. and a smaller one at 8 Ib. In the tr'- 
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BIRTH WEIGHT AND CLINICAL FINDINGS IN DIPLEGIA 
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Fic. 1.—Distribution of birth weights in two groups of diplegic 
patients compared to the distribution in the general population. 
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:, 2.—Comparative intelligence of mature and premature para- 
plegic, tri- and tetraplegic patients. 
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and tetraplegic group on the other hand, the main 
peak is in the region of 7 lb. with a lesser rise at 
3 lb. Thus paraplegic patients, as a group, tend 
to be premature, whereas patients with upper limb 
involvement tend towards average birth weights. 


Intelligence. The intelligence of the two groups 
was compared on the basis of the psychologist’s 
assessment and patients were divided into three 
groups: 

(1) ‘Normal’: Those educable at a normal 
school or a special school catering for children 
of average intelligence but with physical handi- 
caps. Arbitrarily, children with an I.Q. of 80 
or above were placed in this category. 

(2) ‘Retarded’: Those unlikely to benefit 
from education at schools for children of 
average intelligence and who were usually 
best placed in schools for the mentally or physi- 
cally handicapped. The majority in this 
group have an I.Q. above 60 but below 80. 

(3) ‘Ineducable’: Patients whom it is impos- 
sible to educate, some of whom may be suitable 
for training in occupation centres. An I.Q. 
of less than 60 forms the criterion for classifying 
patients in this category. 


Four children, who were considered too young 
for an estimate of educability to be made were 
excluded from the analysis. From Fig. 2 and the 
Table it will be seen that paraplegic patients, as a 
group, are more intelligent than those with upper 
limb involvement. The difference between these 
two groups is highly significant statistically (p = 
<0-001). If the patients are further subdivided 
into mature and premature (the criterion of pre- 
maturity being a birth weight of 53 Ib. or less), it is 
evident that, within each group, patients of smaller 
birth weight tend to be more intelligent than those 
of larger birth weight. However, although the 
difference between the mature and premature para- 
plegics is significant (p = 0-01), there is not a 
statistically significant difference between the two 
groups of tri- and tetraplegic patients. 


Epilepsy. The incidence of epilepsy among para- 
plegic patients was 9% (eight cases in 88), whereas 
in the tri- and tetraplegic group it was 26°8% 
(30 cases in 112). 


Strabismus. No significant difference was found 
in the incidence of strabismus in the two groups. 

As a corollary to the above findings one would 
expect the birth weight distribution of patients with 
mental defect and/or other neurological abnor- 
malities (who are thought to represent a distinct 
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TABLE no 
INTELLIGENCE OF PARAPLEGICS AND TRI- AND TETRAPLEGICS > 
wit: 
No. of | Normal Retarded Ineducable secr 
Group Cases | (%) (%) (%) re 
Paraplegia 87 | 68-9 19-6 11-5 rese 
Matures (>54 lb.) 33 50 22 28 
Prematures (53 lb. and under) .. a 7. 54 78 18 4 
Tri- and Tetraplegia .. 109 33 27°5 39-5 
Matures (> 54 Ib.) 68 26:5 29-4 44-1 Baif 
Prematures (54 lb. and under) .. 41 41-5 34-2 
Chil 
group) to show a unimodal curve. Similarly, the manifestations suggested that brain damage was . 
birth weight distribution of patients of normal more extensive than in those with paraplegia. 


intelligence who are without other neurological 
defects should also be unimodal (Churchill, 1958; 
Polani, 1959). When birth weights in these groups 
were analysed, the bimodality became less marked, 
but did not entirely disappear (Fig. 3). 

The mean birth weights of the two groups differed, 
being 6-1 lb. (S.D. 3-1) in patients showing mental 
impairment and/or epilepsy and 5-0 Ib. (S.D. 3-7) 
in the group which did not show these abnormalities. 


MENTAL DEFECT 
AND/OR EPILEPSY 
(106 cases) 


4'2 
BIRTH WEIGHT (ib.) 


92 


Fic. 3.—Distribution of birth weights related to presence or absence 
of mental defect and epilepsy. 


Discussion 


When birth weights of a group of paraplegic 
patients and a group of tri- and tetraplegic patients 
were analysed the distributions in each group were 
bimodal. Paraplegic patients tended to be smaller 
at birth, more intelligent and less liable to com- 
plicating neurological abnormalities than those with 
upper limb involvement. Tri- and_ tetraplegic 
patients were larger at birth but more often suffered 
from mental retardation and epilepsy. The greater 
extent of their limb involvement and other clinical 


It has been suggested that these differences in clinical 
findings may be correlated with differences in 
aetiology in the two groups. Both the premature 
birth and the relatively localized cerebral damage 
in the paraplegic patients may be the result of 
damaging factors operating in utero. Possibly the 
prematurity, per se, contributes to the cerebral 
palsy by depriving the nervous system of the intra- 
uterine environment essential for its normal 
maturation (Polani, 1958). The more extensive 
cerebral involvement of the tri- and tetraplegic 
group may be attributed, in some cases, to birth 
trauma. However, even when there is a history 
of difficult delivery, birth trauma cannot necessarily 
be incriminated as foetal abnormality may have been 
the cause of the abnormal parturition. 


showed a lower incidence of epilepsy than the 
group of patients with upper limb involvement. 
The distribution of birth weights in both groups was 
bimodal. When the birth weights of the entire 
group were analysed according to the presence or 
absence of mental defect and epilepsy, it was found 
that most of the patients with mental impairment 
or epilepsy were of average or high birth weights and 
tended to show upper as well as lower limb involve- 
ment. Those who showed no other neurological 
abnormalities tended to be paraplegic patients of 
premature birth. Patients with diplegia can be 
segregated into two fairly well defined groups which 
probably differ aetiologically as well as clinically. 


I am indebted to the Scottish Council for Care of 
Spastics for granting facilities and financial support for 
this investigation and to their medical consultants in 
Edinburgh, Mr. G. A. Pollock, Dr. J. A. Naughton and 
Dr. T. T. S. Ingram, for allowing me to use their case 
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noes. I am grateful to Professor R. W. B. Ellis and 
D: Ingram for advice in the preparation of this paper. 
M thanks are also due to Dr. C. M. Drillien for help 
wi‘ statistical analysis and to Miss B. Sinclair for 
secretarial assistance. 

‘his work was done during tenure of a graduate 
research fellowship from the University of Edinburgh. 
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SUGARS IN THE BLOOD AND URINE OF CHILDREN 
FOLLOWING THE INGESTION OF DISACCHARIDES 
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It has previously been shown that reducing sugars 
are frequently excreted in the urine by mature and 
premature newborn babies (Haworth and McCredie, 
1956; Haworth and MacDonald, 1957). Other 
workers, using paper chromatographic methods, 
have also found small amounts of sugars in the 
urines of children and usually higher concentrations 
of lactose and galactose in urines from young babies 
(Woolf, 1951; Apthorp, 1957; Bickel, 1959). 
Coant, Glowacki and Reardon (1959) found a high 
urinary excretion rate of sugars by premature babies 
which could be correlated with the amount of lactose 
in the feedings. 

This paper describes further observations on 
sugars in the urine and blood of newborn babies and 
older children following the oral ingestion of differ- 
ent disaccharides. 


Analytical Methods 


The chromatographic technique employed for the 
separation of sugars in blood and urine was the same as 
that used previously (Haworth and McCredie, 1956; 
Haworth and MacDonald, 1957), being a modification 
of the method originally described by Williams (1954). 
The filter papers were bisected after removal from the 
solvent and one half was sprayed with a benzidine 
developer and the other half with a phloroglucinol 
reagent (Horrocks and Manning, 1949). Glucose, 
fructose, lactose, galactose and pentoses were identified 
by the former reagent and sucrose by the latter. With 
a double application of the test substance, mono- 
saccharides could be identified in concentrations of 
about 10 mg./100 ml. and disaccharides in rather lower 
concentrations. 

Blood sugar estimations were performed by the method 
of King (1951).* 


Part I: Sugars in Urine and Blood of Mature and 
Premature Babies Following Ingestion of Disaccharides 


Clinical Material and Methods. The sugars lactose, 
sucrose or maltose were fed to 47 newborn babies at 


* It has been found that this method measures 100% glucose, 
85% fructose, 68% galactose and 28% lactose. 
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the Women’s Pavilion of the General Hospital, Winnipeg ) 
The group was unselected, except that males were 
preferred to females because of the greater ease of urine 
collection. There were 39 males and eight females. 
Twenty-eight of the babies were mature and 19 were 
premature (birth weight 54 lb. or less). All the babies 
were considered healthy with the exception of two (one 
mature and one premature) who developed hyper- 
bilirubinaemia which was not due to any demonstrable 
blood incompatibility between mother and_ child. 
Neither, however, required exchange transfusion. Five 
other babies developed mild ‘physiological’ jaundice. 
The birth weights of the babies varied between 3 Ib. 1 oz. 
and 11 lb. 6 oz. and the estimated gestation of the pre- 
mature babies was from 30 to 40 weeks. The ages of the 
babies at the time of the tests were between 1 and 23 
days. 

The sugars were fed in doses ranging from 0-5 to 4-2 g. 
per lb. at the baby’s usual feeding time, i.e. three or four 
hours after the previous feed. In 10 instances the test 
sugar was given in the baby’s usual feed (expressed breast 
milk or evaporated milk) and the additional sugar in the 
feed was taken into account in calculating the total dose 
given. In all the other experiments the sugar was given | 
in water. The sugars were administered to several of | 
the smaller premature babies by gavage. The dose of | 
the sugar given was assessed approximately, allowances , 
being made for the baby who was unable to take the 
total volume of fluid and for minor regurgitations. Tests 
were abandoned in babies who vomited. 

Test tubes for urine collection were applied to the 
babies one hour before the test feed and specimens 


collected in this interval were termed ‘a.c.’ urines. Test / 
tubes were reapplied at the end of the feeds and left in 
place until the babies voided. These specimens were the 
‘p.c.” urines. Some babies did not pass urine for as 
long as six hours after the test feed and, because it was 
not justifiable to withhold feedings longer than this, 
some ‘p.c.” urines were not obtained. It was also not 
possible to collect the ‘a.c.’ urine in every instance. 
Capillary blood was collected for chromatography | 
before the test feed and one and two hours after the con- 
clusion of the feed. In a few tests half-hour and three- | 
hour specimens were also taken. 


Results. Sixty-two tests were conducted on the 47 
babies and the results are summarized in Tables 1 to 4. 
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SUGARS IN THE BLOOD AND URINE OF CHILDREN 


TABLE 1 


SU ;:AR CONTENT OF A.C. URINES FROM MATURE AND 
PREMATURE BABIES 


Urines Urines 

Containing Containing Total 

Sugar No Sugar 
“Mature... 5 20 25 
Premature .. = 8 16 24 
‘Totals .. 13 36 49 


URINES. Table 1 shows the sugar content of the 49 
‘a.c.” urines that were collected during the 62 tests. 
Thirteen of these urines contained one or more sugars 
and 36 contained no sugar. Two urines contained 
lactose alone, four galactose alone, five galactose and 
lactose, one glucose alone and one glucose and lactose. 
There was no statistically significant correlation between 
the proportions of urines which contained sugars and the 
maturity of the babies. 

Table 2 shows the number of observations obtained 
by feeding lactose, sucrose and maltose and the subse- 
There was no statistical 
difference in the sugar excretion rate of the mature and 
premature babies. It is seen that following a feed of 
lactose, this sugar was found in eight of the 12 urines 
excreted by the mature babies and in six of 15 urines 
excreted by the premature babies. After sucrose feeding, 
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three of six urines from mature babies and two of eight 
urines from the prematures contained sucrose. Mono- 
saccharides were similarly found as frequently in the 
urines of the mature as of the premature infants. After 
receiving a feed of maltose, none of the 14 ‘p.c.’ urines 
showed this sugar, although, nine urines contained 
glucose. 

There was no correlation between the dose of the 
Sugar administered and the subsequent urinary sugar 
content as shown in Table 3. The premature babies 
received on the whole higher doses than the mature 
babies. For instance, of 17 premature babies who 
received lactose on one or more occasions, eight received 
less than 2 g. per lb. and nine 2 or more g. per lb., while 
13 mature babies received the lower dose and only one 
the higher. 

Pentoses were found in two urines. These were not 
identified with certainty but may have been xylulose. 
Xylose was not found on any occasion in this series. 
The concentration in which the sugars were found in the 
‘p.c.” urines are expressed in Table 4. It may be seen 
that sugars were most commonly present in concentra- 
tions below 200 mg./100 ml., but glucose, fructose and 
sucrose were occasionally found in higher concentrations. 
A ‘trace’ indicates that there was a very clear but faint 
band on the filter paper, showing monosaccharides in a 
concentration of about 10 mg./100 ml. and disaccharides 
in a somewhat lower concentration. There was no 


TABLE 2 


SUGARS FOUND IN THE BLOOD AND URINE AFTER FEEDING LACTOSE, SUCROSE OR MALTOSE 
TO 47 NEWBORN BABIES 


Lactose Sucrose Maltose 
Mature Premature Mature Premature Mature Premature 
Babies Babies Total Babies Babies Total Babies Babies Total 
No. of Patients .. a 14 13 27 7 6 13 9 | 6 15 
Urines: 
No. of tests 14 17 31 7 9 | | 9 | 6 15 
No. examined .. 54 12 15 27 6 8 | 14 | 9 5 14 
Glucose .. ae ass 5 0 5 0 | 5 | 5 5 4 9 
Galactose an iy 6 11 17 0 0 0 | 0 0 0 
Lactose .. a ans] 8 6 14 0 0 Oo | 1 1 2 
Fructose .. 0 | 1 1 5 4 9 | 0 0 0 
Sucrose at 0 0 0 3 2 a 0 0 0 
Pentose 0 0 0 0 | 1 a ma 1 0 1 
No sugar 3 2 5 1 | 2 | 3 | 4 1 5 
Biood: 
‘No. of tests* és as 4 14 18 1 0 2 = 
‘slucose .. ee ia 4 14 18 1 5 6 0 2 2 
‘her sugars... a) 0 0 | 0 0 | 0 | 0 | 0 0 0 
* Fasting and usually one- and two-hour specimens. 
TABLE 3 
SUGAR CONTENT OF ‘P.C.’ URINES RELATED TO THE DOSE OF SUGAR ADMINISTERED 
No. of Urines Con- 
Dose Sugar Given No. of Urines taining No Sugar Disaccharide* Monosaccharide* 
<2-0 g./Ib. Lactose 18 3 11 il 
Sucrose 8 3 3 5 
g./lb. or more Lactose 9 3 11 
Sucrose 6 0 2 9 


* Indicates the number of sugars found in the urines, i.e. several urines contained more than one sugar. 


ere || 
rine 
les. 
vere |) 
bies | 
one 
per- 
Five 
lice. 
OZ. 
the 
1 23 
four = 
test |) a 
east 
the 
Jose 
iven | 
1 of | 
e of 
nces a 
the | 
rests |) 
the | 
nens |) 
Test | 
ft in | 
> the us 
r as 
his, 
this, 
not 
aphy | a 
con- | 4 
1ree- li a 

e 47] 
4 


554 


correlation between the concentration of sugar in the 
urine and the dose administered or the maturity of the 
baby. Two of the babies excreting the largest amount of 
sucrose were mature and had received less than 2 g. per 
lb. sucrose, the other was a premature who had taken 
more than 2 g. per lb. 

The jaundiced babies behaved no differently from the 
other babies with respect to sugar excretion. 


TABLE 4 
CONCENTRATIONS OF SUGARS IN P.C. URINES 
Concentration No. of Urines Containing Sugars 
(mg./100 ml.) | 
| Glucose | Galac- | Lactose | Fruc- | Sucrose 
| tose tose : 
Trace .. 5 | 7 3 — 1 
<100 .. | a -] 5 
100-200 8 | 5 — 9 1 
>200 .. 2 — | 1 
Totals | 19 | 17 16 | 10 | 5 
BLoops. Bloods were chromatographed during 26 


tests on 19 babies and, as shown in Table 2, no sugar 
other than glucose was found. 


Part II: Sugars in Urine and Blood of Older Children 
Following Ingestion of Disaccharides 


Clinical Material and Methods. The subjects were 
47 in-patients in the Children’s Hospital, Winnipeg, 
ranging in age from 5 months to 15 years. There were 
24 males and 23 females. The children were carefully 
selected and were as ‘normal’ as possible. Many of the 
children were suffering from minor skin infections, some 
were in hospital for investigation of such conditions as 
convulsions and others were convalescent from infections 
such as pneumonia. None of the children had had 
elevated temperatures for 48 hours before the tests, 
none were taking drugs, such as hormones, which might 
have had an effect upon their metabolism and none were 
suffering from any metabolic disorder. Patients with 
gastro-intestinal disease were not included with the 
exception of four children who were carriers of E. coli 
or salmonella organisms. These four children had had 
normal bowel movements for at least one week preceding 
the tests and were all said to have normal appetites. 
They were receiving standard hospital diets but otherwise 
the carbohydrate intake before the tests was not con- 
trolled. 

The tests were performed at 9 a.m. after the subjects 
had been fasted from midnight. After the fasting blood 
specimens had been taken the children drank the sugars 
dissolved in water flavoured with lemon. The dose of 
the sugar administered was | g. per lb. body weight, 
the minimum dose 15 g. and the maximum 50g. Further 
blood specimens were initially taken half, one and two 
hours after the feed and in later experiments an additional 
quarter-hour specimen was also taken. These bloods 
were chromatographed and analysed for total sugar 
content. From eight of the children, five and 10-minute 
bloods were also analysed for total sugar. 
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Urines for chromatography were collected one hcur 
after the test feed, but in some of the children no sam}'le 
was obtainable. 

Five additional ‘normal’ children (four males and © 1¢ 
female) whose ages ranged from 6 weeks to 21 mont.s 
were given lactose by mouth under the same conditic 1s 
as detailed above. Immediately following the fe d, 
urine collection was started and continued for eight 
hours. An approximate quantitative estimation »y 
paper chromatography was made of the sugars in each 
of the urines. 


Results. Eighteen children 
sucrose, and seven maltose. 

The results of paper chromatographic analysis of tne 
urines and blood are shown in Table 5. It can be seen 
that 12 of the 15 urines obtained from the 18 children 
who were given lactose contained sugars (lactose was 
present in six of them) and only three contained no sugar. 


received lactose, 22 


In an 18-month-old girl a trace of lactose was found in | 


the 15-, 30- and 60-minute blood samples, but not in 
the fasting and two-hour samples. No lactose was found 
in the urine of this child. In 16 urines, collected from 
22 children who were given sucrose, fructose was identi- 
fied in eight, five of which also contained sucrose. The 
remaining eight urines contained no sugar. 

Sucrose and fructose were found together in the blood 
of four children. These were different children from the 
five who excreted this combination of sugars in the urine, 
although two of these five children showed fructose 
alone in the blood. Glucose was naturally also present 
in all the blood samples chromatographed. Maltose 
was not found in the blood or urine of any of the seven 
children who had received this sugar. A trace of glucose 
was present in one of the seven urines, the others con- 
tained no sugar. 

The concentrations of the sugars found in the urine 
were all between 50 and 100 mg./100 ml. except for a 
5-month-old baby who excreted approximately 120 mg. 
of lactose per 100 ml. The sucrose and/or fructose 


TABLE 5 


SUGARS IN BLOOD AND URINE AFTER FEEDING 
LACTOSE, SUCROSE OR MALTOSE TO 47 CHILDREN 


Sugar Administered 


| Lactose 


No. of patients .. nl 18 22 7 
‘p.c.’ Urines:* 
No. examined .. sal 
Glucose | 
Galactose 
Lactose .. 
Fructose 
Sucrose . . 
No sugar 
Blood: 
Glucose 
Galactose 
Lactose . . 
Fructose 
Sucrose . . 


Sucrose Maltose 


Om 


* Figures indicate number of sugars found in the urines, i.e. several 
urines contained more than one sugar. 
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TABLE 6 
AGES OF 40 CHILDREN GIVEN LACTOSE AND SUCROSE IN RELATION TO SUGARS 
FOUND IN BLOOD AND URINE 
Sugar | | No. of Sugar No Sugar No Urine Sugar* No Sugar* 
Fed Age Cases Excreted Excreted Collected in Blood in Blood 
7 | 5-11 mths 5 2 1 2 0 5 
wactose | 1-3 yrs 6 4 1 1 1 5 
4-8 yrs 3 2 1 — 0 1 
| >8 yrs 4 4 0 an 0 4 
- | 5-11 mths 4 3 0 1 | 1 3 
Sucrose | 1-3 yrs 10 3 4 3 4 6 
| 48 yrs 4 2 1 1 1 3 
| >8 yrs 4 0 3 1 | 0 + 
* Other than glucose. 
identified in the blood of six children were only present i 


in ‘trace’ amounts which corresponded to concentrations 
of about 20 mg./i00 ml. 

Table 6 shows the ages of the 40 children who were 
given lactose and sucrose in relation to the sugars found 
in the urine and blood. The older children who were 
given lactose excreted sugars to the same degree as the 
younger and no relation between age and sugar excretion 
was demonstrated. No sugar, however, was found in 
ihe three urines obtained from the four children over the 
age of 8 years who were given sucrose, and no fructose or 
sucrose was found in their blood. The five children 
who excreted sucrose were all under 3 years of age. 
Sucrose and fructose were found in the blood of an 
8-year-old boy, but unfortunately no urine specimen 
was obtained from this child. 

Table 7 and Fig. 1 show the mean blood sugar levels 
following feeding the three sugars. On 18 occasions 
blood sugar levels were obtained 15 minutes after the 
test feed as shown in column 6 of Table 7 and by the 
separate points in Fig. 1. The 15-minute levels following 
the administration of lactose were higher than the 
30-minute levels, but for the other two sugars the ‘peak’ 
was at 30 minutes. The differences between the 30- 
minute levels following the administration of sucrose 
(143 mg./100 ml.) and lactose (116 mg./100 ml.) are 
Statistically significant (p = <0-01). The differences 
between the 30-minute levels of the sucrose and maltose 
curves, the maltose and lactose curves, and the levels at 
ofher time intervals are not statistically significant. 
Fve- and 10-minute blood sugar levels were also 
© tained in four subjects following the administration 


lactose and in four following sucrose. The mean 


TABLE 7 


‘AN BLOOD SUGAR LEVELS (mg./100 ml.) OF 47 CHILDREN 
{VEN LACTOSE, SUCROSE AND MALTOSE BY MOUTH 


_ | No. | | Time after Ingestion (min.) 
| of | Fasting | | 
| Tests | | 10 15 30 | 60 | 120 
i tose 18 
| 101 (4) | 108 (4) | 128 (9) | 116 | 109 | 80 
ose | 22 103 pain 113 (4) | 119 (6) | 143 | 103 | 88 
ose | 7 _— 129 (3) | 138 | 117} 80 


nbers in parenthesis indicate the number of children upon whom 
10- and 15-minute estimations were obtained. 


BLOOD SUGAR (mg./100mI.) 


60 
TIME IN MINUTES 


Fic. 1.—Mean blood sugar levels following the oral ingestion of 
lactose, sucrose and maltose (fastings 15-, 30-, 60- and 120-minute 
levels). 

O————O mean levels after lactose, all cases (18) 

x mean levels after sucrose, all cases (22) 
@————®@ mean levels after maltose, all cases (7) 


levels are shown in columns 4 and 5 of Table 7 and the 
mean blood sugar levels of these eight children are 
expressed in Fig. 2 

Table 8 shows the approximate amounts of galactose 
and lactose excreted over an eight-hour period by the 
five young children who were given lactose by mouth. 
It can be seen that the total amounts excreted were very 
small, 120 mg. of lactose in the urine of Case 3 being 
the largest amount found. 


Discussion 


The results obtained in Part I confirm the earlier 
findings that sugars are frequently excreted in the 
urine of newborn babies (Haworth and McCredie, 
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TABLE 8 1621; 
TOTAL AMOUNTS OF SUGAR EXCRETED OVER EIGHT HOURS BY FIVE CHILDREN L. hder 
FOLLOWING DOSE OF LACTOSE BY MOUTH pg 
P Total Sugar Excreted uj per 
Case ge Weight Dose of Volume of (mg.) betwee 
No. (mths) Sex Ib oy Lactose (g.) Urine (ml.) 

Lactose Galactose demon 
1 1} F ll 4 15 41 8 Several 
4 } M 6 6 15 89 18 11 older « 
5 2 M “u 63 20 127 19 19 | show s 

= | in the 
a forei 
180 + A influence on the type of sugar excreted in the urine. } and Pc 
7% Sucrose was never found unless sucrose had been | WaS id 

fed and galactose was never found unless lactose had newbo 
been fed. In Part I lactose was found in the urine } childre 
2 ~— of two babies who had received maltose, but it is | and 5 
s again likely that this was the result of preceding | !" 4 
= ‘ais milk feeds. Fructose was found on one occasion | (Table 
E after a lactose feed, but this baby’s previous feed in apf 
had contained sucrose. 
3 That some lactose may escape hydrolysis in the | of the 
2 } gut and subsequently appear in the urine has been | by Ré 
fa) “ed known for many years (Folin and Berglund, 1922; (1956). 
= | Winter, 1931; Koehler, Rapp and Hill, 1935). | defect 
a = The investigations reported here show that it is a | Wilkir 
ue very frequent occurrence in babies and children. the de 
Although as much as 200 mg. of lactose per 100 ml. | Which 

i was found in the urine of some babies, Table 8 | Shown 
eo indicates that the amount of lactose excreted in the | Lippn 

TIME IN MINUTES urine during an eight-hour period was only a very | 'eport 

small fraction of the total dose given to these five | the se 

Fic. 2.—Mean blood sugar levels following the oral ingestion of _ babies. (1954) 
an @- and 120-minute Galactose, which together with glucose, is released | given 
eae. mean levels after lactose (4 cases) by the hydrolysis of lactose is thought to be trans- | SUSars 
sae x mean levels after sucrose (4 cases) ported to the liver where it enters the ‘glucose pool’. | have t 

If the load of galactose entering the liver by the portal | Staten 

vein is too great for that organ to metabolize, some | 4@?par 

1956; Haworth and MacDonald, 1957). Part II of the sugar will escape into the systemic circulation | ¢Ntal 
shows that older children also frequently excrete and because there is no renal threshold for galactose It is 
sugars after the ingestion of sugars by mouth. (Hartmann, McCoy, Swarm and Nakasato, 1954), ether 
With the exception of the pentoses which were it will be excreted. Rowe (1924) found that 30 g. Is In'S 
found in two newborn urines, there can be little was the maximum dose of galactose that could be o-her 
doubt that the urinary sugars originated from the ingested by adults without galactose appearing in found 
gut because there was such a close association the urine. Folin and Berglund (1922) found that I hav 
between the sugar ingested and that subsequently the ingestion of only 10 g. could cause sugar to be | Pssit 
found in the urine. In Part I more urines contained excreted. Shay, Schloss and Bell (1931), on the | © wel 
sugars after the sugar feed (Table 2) than those other hand, found no correlation between the age, I ctas 
collected before the feed (Table 1). It seems likely weight or dose given to their subjects and the sub- r alto 
that the galactose, glucose and lactose found in 13 sequent amount of galactose excreted in the urine. t ‘tert 
of these 49 ‘a.c.’ urines were derived from the milk No relation between the dose of sugar given and the |} ¢° ta 
feeds these babies had received three to four hours urinary excretion of sugar could be demonstrated te st 
before the tests were performed. Tables 2 and 5 __in the tests on the babies in Part I (Table 3). t» sp 
show that the sugar fed to the babies in Part I Sucrosuria following the oral ingestion of sucrose f rthe 
and the older children in Part II had a considerable has been recognized by other workers (Murschhauser, In 
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1°21; Elmer, Krasowska and Ptaszek, 1939; 
L hdensuu, 1947). A dose of sucrose 2 g. per kg. 
bc dy weight was considered by some to be the 
uj per limit of tolerance. Again, no _ relation 
_ between the dose given and sugar excretion was 
_ demonstrated in the observations reported here. 
_ Several babies who were given more than 2 g. 
/ sucrose per lb. body weight (Table 3) and several 
_ older children who received 1 g. per Ib. did not 
show sucrosuria. Any sucrose escaping hydrolysis 
in the gut is evidently treated after absorption as 
_ a foreign substance and excreted (Keith, Wakefield 
and Power, 1932; Keith and Power, 1937). Sucrose 
was identified in five of 14 urines collected from 
newborn babies and in five of 16 urines from older 
children who had received this sugar (Tables 2 
and 5). Three of the babies excreted the sugar 
in a concentration greater than 200 mg. per 100 ml. 
(Table 4). Sucrosuria of such a degree, occurring 
in approximately a third of these children after 
sucrose feeding, raises doubts as to the significance 
of the findings of sucrosuria in the cases reported 
by Reiner and Weiner (1939), Owen and Lewis 
(1956), and the syndrome of hiatus hernia, mental 
defect and sucrosuria described by Moncrieff and 
Wilkinson (1954) and Woodruff (1958). Certainly 
the degree of sucrosuria exhibited by the children 
which these authors recorded was no more than that 
_ shown by the normal children reported here. Perry, 


Lippman, Walker and Shaw (1959), who recently © 


reported findings very similar to mine, came to 
the same conclusion. Moncrieff and Wilkinson 
(1954) stated that when sucrose and lactose were 
given together in the diet of their patients, other 
Sugars were excreted more easily in the urine. I 
_ have no additional observations to make about this 
Statement except to emphasize that normal children 
apparently excrete sugars so frequently after sugar- 
containing feedings. . 

It is noteworthy that maltose was never found in 
ether blood or urine following maltose feeds. This 
is in sharp contrast to the frequency with which the 
‘her disaccharides, lactose and sucrose, were 
und in the urine after feedings with these sugars. 
have no satisfactory explanation to offer. It is 
»ssible that the maltase secreted by the small 
»wel may be more efficient than sucrase and 
ctase, resulting in complete hydrolysis of the 
altose into its component glucose molecules. 
‘ternatively it has been suggested that blood may 
ntain some maltase (Long, 1947) so that any of 
2 sugar which escapes hydrolysis in the gut may 

split after absorption. It is hoped to conduct 
rther observations upon this subject. 

In view of the frequent finding of sucrose, fructose, 
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lactose and galactose in the urines after sugar feeds 
it is surprising that sugars were not demonstrated 
more often in the blood. In fact, galactose was not 
observed in any of the blood samples obtained from 
18 babies and 18 older children who were given 
lactose feeds and lactose was only found on one 
occasion. Sucrose was not found in the blood of 
any of the newborn babies who were given this 
sugar, although sucrosuria occurred in five (Table 2). 
Of 22 older children who were given sucrose, 
sucrose and fructose were found in the blood of 
four. Unfortunately urines were not collected from 
two of these four children, but in the urines of the 
other two, no sugar was found in one and fructose 
in the other. Of five children showing sucrosuria 
and fructosuria, fructose was found in the blood of 
two and no sugar other than glucose in the other 
three. It would be expected that an ingested sugar 
which has escaped metabolism in the body and been 
excreted in the urine would be demonstrable in the 
systemic blood. Conversely, sugar appearing in 
the peripheral blood should be found in the urine 
if the sugar is a ‘non-threshold’ substance which 
lactose, galactose and sucrose presumably are. 
The most likely cause for the discrepancy in the 
blood and urinary findings is that the chromato- 
graphic technique used was not sufficiently sensitive 
to demonstrate low concentrations of sugars in the 
blood. However, any galactose in the blood of 
those children who were given lactose feedings must 
have been present in concentrations lower than about 
10 mg. per 100 ml. or it would have been detected. 
This is supported by the finding that only very small 
amounts of galactose were excreted over an eight- 
hour period by the five children upon whom quan- 
titative estimations were performed (Table 8). 
It may be calculated that the blood levels would be 
less than | mg. per 100 ml. to give rise to this amount 
of galactose in the urine, assuming that galactose 
is a ‘non-threshold’ substance, even allowing for the 
lower renal clearance in infancy (Rubin, Bruck and 
Rapoport, 1949). This is in conflict with the 
conclusions of Hartmann, Grunwaldt and James 
(1953) who stated that galactose formed up to 
40% of the total blood sugar in infants after milk 
feedings. Dormandy, Leak and Grant (1959) 
reached similar conclusions to those of Hartmann 
et al. (1953), although employing different analytical 
methods. It should be pointed out, however, that 
these two groups of workers only concluded that 
the bloods they examined contained large amounts 
of galactose because of the difference between the 
total sugar and the glucose. Further information 
has recently been obtained bearing on this subject 
(Haworth and Ford, 1960). 
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There appeared to be little correlation between 
the ages of the children, the dose of sugar fed to 
them and the subsequent frequency of sugar 
excretion or the concentration of the sugar in the 
urine. The urines from the older children, however, 
with one exception, contained less than 100 mg. per 
100 ml. of sugar, while higher concentrations were 
more commonly found in the urines of the newborn 
babies (Table 4). This may have been because 
the latter babies received, on the whole, relatively 
higher doses of sugars than the older children, 
although Table 3 shows that the dose of sugar 
administered to the newborn babies appeared to 
bear no relation to sugar excretion. 
not found in any of the six urine samples obtained 
from children over 3 years of age, but little con- 
clusion can be drawn from this especially since 
fructose and sucrose were found in the blood of an 
8-year-old boy from whom, unfortunately, no urine 
was obtained. 

Table 1 shows no significant difference in the 
sugar content of the urines from mature and pre- 
mature babies before the test feed and Table 2 
shows that premature babies excreted sugars to no 
greater degree than the mature babies after the 
sugar feed, and this in spite of the fact that on 
the whole they received higher doses of sugars. 
This is not in accord with previous findings that 
premature babies excreted sugars more often than 
mature babies (Haworth and MacDonald, 1957). 
Bickel (1959) also found more sugars in the urine 
of premature babies especially during the first 
10 days of life. In retrospect there may be a valid 
explanation for the difference in sugar excretion 
rate between mature and premature babies pre- 
viously found. The mature babies studied by 
Haworth and McCredie (1956) were fed by ‘demand’, 
and the premature babies (Haworth and MacDonald, 
1957) were fed three hourly. Both groups were fed 
with breast milk, but it seems likely that the bigger 
babies may have ‘demanded’ feeds less often than 
three hourly and unfortunately no record of the 
times of the feeds of these babies was kept. Since 
the urinary sugar content has been shown to be 
closely related to sugar ingestion, if premature 
babies were fed more often than the mature, this 
would account for the greater number of urines 
containing sugar from these babies; the times of 
urine collection were not correlated with times of 
feeding. 

Concerning the glycaemic response to the oral 
administration of lactose, sucrose and maltose in 
Part II (Table 7), several features are worthy of 
comment. Earlier workers had found that lactose 
ingestion caused only minimal elevation of the 


Sucrose was . 
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blood sugar (Field, 1919; Folin and Berglund, 192); 
Koehler et al., 1935), but these authors were handi- 
capped by inaccurate analytical methods. Greei- 
wald and Pennell (1930) observed that blood sugi.r 
curves in infants following the administration of 
lactose and sucrose closely paralleled that followir g 


glucose administration, but the curve followirg | 


dextri-maltose was lower and more prolonged. 
The curves shown in Fig. | are very different froin 
those shown by Greenwald and Pennell and reveil 
a rapid rise in blood sugar after the administration 
of the three sugars. In the case of lactose a ‘peal.’ 
value 15 minutes after administration of the suger 
is shown. Following sucrose and maltose the 
‘peak’ was at 30 minutes. 
sugar curve is to some extent dependent upon the 
frequency of the blood sugar estimations, and it 's 


very possible that the true ‘peaks’ of the sucrose | 


and maltose curves might have been shown to have 
been between 15 and 30 minutes if more frequent 
blood samples had been obtained. Dodds, Fair- 
weather, Miller and Rose (1959) recently commented 
upon this feature and showed that the standard 
method of performing a glucose tolerance test, in 
which samples of blood taken fasting and at 30, 60, 
90 and 120 minutes, may sometimes show an 
abnormally flat curve when in fact a more normal 
type of response is demonstrated if additional 


samples of blood are taken between 15 and 30} 
Table 7 and Fig. 2 show that the blood } 
sugar level had risen by 30% in as short a time as | 
five minutes after the ingestion of sucrose and | 


minutes. 


lactose by each group of four children. Rabinowitch 


(1945), Rabinowitch and Mountford (1947) and } 
Dodds et al. (1959) have also demonstrated the | 
rapid rise in blood sugar following sucrose adminis- | 


tration and it has now been shown that an equally 
rapid rise of blood sugar occurs after lactose in- 
gestion. Since sugars are not absorbed to any 
appreciable degree from the stomach (Long, 1947) 
and there is no evidence that disaccharides can be 
hydrolysed proximal to the small bowel, it is indeed 
remarkable how rapidly sucrose and lactose pass 
into the small intestine, are hydrolysed, absorbed 
and reach the systemic circulation. 
no five- and 10-minute blood samples were obtained 
following maltose, although 15-minute blood sugar 
levels following the administration of this sugar 
were comparable to those following sucrose and 
lactose. 


The only statistically significant difference between 


the three curves shown in Fig. 1 is that the mean | 


30-minute blood sugar levels following sucros2 
administration were greater than those followinz 
lactose. This difference was common to all ag? 


The shape of a blood | 
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gioups studied. There are two possible explana- 
ti ns for this difference: 

1. It might be argued that because galactose 
stimulates the release of insulin and fructose 
does not (Foa, Galansino, Costa and Pozza, 
1956), the galactose released into the blood 
after hydrolysis of lactose had a depressant 
action upon the blood glucose. This is a 
recognized phenomenon in congenital galac- 
tosaemia in which condition high blood 
levels of galactose occur (Isselbacher, 1959). 
However, it has been shown that although 
some galactose must reach the systemic 
blood because of the frequent observance of 
galactosuria after lactose ingestion, the 
amounts were undetectable by the chromato- 
graphic method used. It is difficult to 
imagine that these small amounts of galac- 
tose, which must be less than 10 mg. per 
100 ml. would exert an appreciable hypo- 
glycaemic effect. 

2. The method of King (1951) used for measur- 
ing total blood sugar is a ‘true sugar’ 
method but not a ‘true glucose’ method. 
Fructose was observed by paper chromato- 
graphy in six of the 22 30-minute blood 
samples obtained from those children who 
ingested sucrose. Smaller amounts might 
have been present in more. Sucrose is not 
a reducing sugar and is not estimated by the 
King method. The ‘sucrose curve’ would 
therefore, be a measure of glucose and some 
fructose and the ‘lactose curve’ of glucose 
alone, since, as already stated, no other 
sugar was detected by chromatography in 
these blood samples. This seems the most 
reasonable explanation for the difference of 
the 30-minute blood levels in the two 
curves, although it does not explain why the 
‘sucrose curve’ was not higher than the 
‘lactose curve’ at other time intervals. In 
fact, the mean 15-minute blood sugar level 
of the latter curve was higher than the former 
although the difference is not statistically 
significant. This question could only be 
solved by repeating the experiments using 
the glucose oxidase method so that it would 
be known that only glucose and no other 
sugar was estimated. 

It must be mentioned that these blood sugar 
urves should not be accepted without certain 
2servations. The subjects were not normal children; 
iey were hospital patients and, although they were 
ot suffering from any generalized acute illness at 
ie time of the test, their glycaemic response to the 
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sugars may not have been normal. It has been 
shown that the glucose tolerance test is abnormal 
in the presence of infection, even skin infection 
(Schmidt, Eastland and Burns, 1934). However, 
it is doubtful whether this factor would have caused 
the observed difference between the sucrose and 
lactose curves because the two groups of children 
who received these sugars were fairly evenly matched 
as far as their original illnesses were concerned. 
It is also known that the preceding carbohydrate 
diet has a great effect upon the glucose tolerance 
test (Himsworth, 1935). The subjects were not 
taking a controlled diet before the tests were per- 
formed. They were, however, all eating the standard 
hospital diet well and it is likely that their preceding 
carbohydrate intake was fairly uniform. 


Summary 

Forty-seven newborn babies and 47 older children 
were fed with the disaccharides lactose, sucrose or 
maltose. Subsequent urine collection showed a high 
sugar excretion rate. 

The source of urinary hexoses and disaccharides 
is undoubtedly the gut, because a sugar was not 
found in the urine unless a feed containing that 
sugar, either free or in combination, had recently 
been fed. Small amounts of the disaccharides, 
lactose and sucrose, escape hydrolysis in the gut, 
are absorbed unchanged and subsequently excreted 


‘in the urine. 


Although earlier work had suggested that pre- 
mature babies excreted sugars to a greater degree 
than mature babies, this was not confirmed in the 
present series of observations. The degree of sugar 
excretion did not apparently depend on the maturity 
or age of the child or the dose of the sugar adminis- 
tered by mouth. 

The finding of sucrosuria in one-third of the 
children who were given sucrose by mouth makes 
it unlikely that the sucrosuria that has been des- 
cribed in association with mental deficiency is 
anything more than a coincidence. 

Sucrose and/or fructose were found in the blood 
of six children following a feed of sucrose, but these 
were not the same children who excreted this 
combination of sugars in the urine. Lactose was 
found in the blood of one child following a lactose 
feed, but galactose was not demonstrated on any 
occasion. This discrepancy between blood and 
urinary findings was almost certainly due to technical 
reasons. 

Maltose was not found in the blood or urine 
following feedings of this sugar. The reasons why 
this disaccharide should behave differently from 
lactose and sucrose have been discussed. 
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ADRENAL CORTICAL HYPOPLASIA IN SIBLINGS 


J. F. BOYD and A. M. MACDONALD 


From the Departments of Pathology, The University, Western Infirmary and 
Royal Hospital for Sick Children, Glasgow 
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There have been two reports recently of adreno- 
cortical insufficiency in infant siblings. Mitchell 
and Rhaney (1959) reported it in two brothers, the 
first dying at 53 days and showing hypoplasia of the 
adrenal glands as the only apparent cause of death. 
The brother was born three years later, and exhibited 
a similar clinical picture of vomiting, wasting and 
dehydration shortly after birth. Biochemical studies 
were attempted but it became necessary to treat 
the child with adreno-cortical hormones and with 
sodium chloride added to his feeds. The child 
has remained alive to date, and it is assumed that 
he also suffers from adreno-cortical hypoplasia. 
Shepard, Landing and Mason (1959) reported 
adreno-cortical deficiency in two sisters. The first 
was well until 10 months and then developed a 
typical clinical picture. She died at 30 months 
and autopsy showed very small adrenal glands. 
There was no evidence of tuberculosis. The sister 
of this case, one of non-identical twins, developed 
symptoms after her first birthday; the other twin 
is healthy. After investigation, cortisone therapy 
was started and has had to be maintained, with 
much improvement. Neither sister exhibited a 
craving for salt and therefore the cortical deficiency 
's selective. This condition need not necessarily 
manifest itself early in childhood. The first case 
of Briggs, Goodwin and Wilson (1951), a boy of 
i2 years, had been fond of salt since infancy and 
clinically showed well developed Addison’s disease. 
Radiographs showed calcification of mesenteric 
ymph nodes, but none in the region of the adrenal 
zlands. Treatment with ‘eucortone’ at first, and 
ter with D.C.A. pellet implants, and with sodium 
shloride orally, has been effective, and he was well 
it the time when the article was published. This 
»oy’s brother, 17 years of age, developed a more 
icute illness with epigastric pain, vomiting, loss 
of weight and increased depth of skin pigmentation. 
Treatment was given as for an Addisonian crisis, 
yut he died 72 hours after admission to hospital. 
Necropsy revealed small adrenal glands, and histo- 
ogical examination showed atrophy of the cortex 


of each. There was no evidence of tuberculosis. 
The thymus was large. Both parents were healthy 
and the authors suggested that a genetic factor may 
be involved as in thyrotoxicosis, diabetes mellitus 
and the Laurence-Moon-Biedl syndrome. 

We report a further family showing adrenal 
hypoplasia. Both boys in this family died in the 
neonatal period and received minimal corrective 
treatment. Therefore, the histological appearances 
of their endocrine glands are unaffected by therapy. 


Case Reports 


In 1953, the mother became pregnant for the first 
time, but had a spontaneous miscarriage at 44 months. 
The cases reported were the result of second and third 
pregnancies. 


Case 1. This male infant was born in hospital on 


. May 4, 1955, as a spontaneous vertex delivery at full 


term after a normal pregnancy. The birth weight was 
7 lb. 12 oz. (3-52 kg.). ‘Physiological’ jaundice appeared 
for a few days. Before dismissal, there had been occa- 
sional vomiting after breast feeding, but the condition 
subsided. The baby was well for his first four days at 
home, and then his condition deteriorated, and he was 
admitted to the Royal Hospital for Sick Children, 
Glasgow, on May 17, 1955. On that day his motions 
were green and very loose. 

He was dehydrated, with poor muscle tone, although 
he was 113% of his expected weight. Lumbar puncture 
gave a clear cerebrospinal fluid. Rectal swabs revealed 
no pathogenic organisms. Four days later his general 
condition was improved but he remained rather listless. 
On May 23, 1955, he collapsed suddenly with copious 
green vomitus. ‘Eucortone’ 0-5 ml. was given every 
four hours. Surgical opinion was sought, and at 
laparotomy a volvulus was found involving the caecum 
and ascending colon. This was reduced and an obstruc- 
ting band was divided. 140 ml. of quarter-strength 
normal saline with 5% glucose was given intravenously 
over the next six hours. Oral fluids were started four 
hours postoperatively and ‘eucortone’ was stopped on 
the fifth postoperative day. His condition improved 
over seven postoperative days, but on the eighth day 
(June 1, 1955) he went off his feeds once more, became 
marasmic and he died on June 2, 1955, at 4 weeks of age. 

At necropsy the child weighed 5 Ib. 10 oz. (2-55 kg.). 
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28 Day 10 Day 
Control Control 
Case | Case 2 
Anencephalic 
Adrenal Gland 
Fic. 1.—Specimens of adrenal glands of Cases 1 and 2 compared 
with normal controls for these ages and with an anencephalic adrenal 


gland. (x 5/3.) 


The abdominal surgical wound was healthy. The 
alimentary tract, liver (120 g.), pancreas and spleen 
(6 g.) were normal. The respiratory passages contained 
terminal bile-stained inhaled vomitus and the lungs 
showed mild patchy collapse. The heart (17 g.), great 
vessels, genito-urinary and central nervous systems were 
normal. The ductus arteriosus was widely patent. 
Both adrenal glands were exceedingly small (Fig. 1) and 
together they weighed 0-65 g. No accessory adrenal 
tissue was found in the para-aortic area, pelvis or in 
relation to the testes which were fully descended. 

The histological features will be considered later. 


Case 2. In 1958 the mother became pregnant for 
the third time and suffered from no infection during this 
period; neither were radiographs taken. The child, 
a male, was born at home on October 7, 1958, and 
weighed 8 lb. (3-63 kg.). Progress was steady for a 
week, but on October 15, 1958, he vomited his feeds. 
On October 16 he refused his feeds and was cold, listless 
and grey. He continued to vomit and was admitted 
during the night to the Royal Hospital for Sick Children, 
Glasgow. His parents gave the history of a child who had 
died three years previously ‘as a result of a twisted bowel’. 
Unfortunately, they were unaware of the additional 
condition found at necropsy, and in view of the urgency 
of treatment because of this present child’s moribund 
condition, the clinicians involved did not consult the 
previous child’s case records until later. In retrospect, 
this was perhaps unfortunate. 

Examination, the child being 9 days old, showed him 
to be 95% of his expected weight, listless, grey, dehydrated 
and with a subnormal temperature. Lumbar puncture 
revealed a clear cerebrospinal fluid and the W.B.C. 
count was 10,800/c.mm. Blood was taken for culture, 
but only a contaminant grew. On the assumption that 
the child had an overwhelming infection, an intravenous 
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infusion of quarter-strength normal saline witn 5°, 
glucose was set up. 100 mg. of hydrocortisone wer: 
placed in the contents of the first bottle. In addition, 
intramuscular hydrocortisone injections of 25 mg., anc! 
intramuscular tetracycline 25 mg. were given ever’ 
six hours. The child died eight hours after admission 

At necropsy the child weighed 7 lb. 3 oz. (3-26 kg.) 
There was no abnormality of the respiratory passages 
lungs, heart (29 g.), great vessels, the alimentary tract 
liver (150 g.), pancreas, spleen (6 g.), the genito-urinary 
or central nervous systems. The only abnormality 
was the presence of unusually small adrenal glands 
Together they weighed 0-9 g. (Fig. 1), and no adrenai 
tissue was found at any other site. 

There was no family history of adrenal cortical hypo- 


‘function either in the grandparents, the parents or in 


their sibs. 


Histological Features. The histological details of the 
two cases are similar and are considered together. 


ADRENAL GLANDS. Sudanophilic material is present 
in the zona reticularis of the adult cortex and in individual 
cells of the almost completely involuted foetal zone 
(Fig. 2). The features are the same in both cases, and 
are accompanied by cytomegaly in the foetal zone. The 
columns of the zona fasciculata are not normal for a 
resting gland (Fig. 3). Fig. 4 shows that there is barely 
any zona glomerulosa, and the cells of the zona fascicu- 
lata show much variability in size, and in nuclear and 
cytoplasmic staining properties. There is no evidence of 
the more insidious cytolytic necrosis seen in adult cases 
of Addison’s disease (Crooke and Russell, 1935). 

Professor T. Symington, Department of Pathology, 
Royal Infirmary, Glasgow, has examined one gland from 
each case by histological and by histochemical methods, 
and reports that both glands have been very active, 
and that he is unable to find any abnormality of function 
by these investigations. 

Normal medullary tissue is present, but it is difficult 
to assess whether or not this is present in normal amount. 


THE PiruiTraRY GLAND. The glands were normally 
situated in both cases. Gomori’s aldehyde-fuchsin 
method (Gomori, 1950) shows that basophil cells are 
present in increased numbers in both glands (Fig. 5). 
This finding has been confirmed by Lieb’s phospho- 
tungstic acid haematoxylin (Lieb, 1948), and modified 
trichrome and P.A.S. methods. Normally, basophils 
are present singly or in clumps of two or three cells. 
Fig. 5 shows marked hyperplasia in both cases, and, if 
anything, a tendency to become nodular in Case 1, 
which survived the longer. 

Thus, adrenal hypoplasia is the primary defect and 
not the result of pituitary hypofunction in both of these 
children. Conclusive evidence is obtained from histo- 
logical study of the other endocrine organs. 


THE THYROID GLAND. The thyroid gland in Case 2, 
who lived for 10 days, shows no abnormality (Fig. 6b). 
The gland of Case 1 who lived for four weeks, shows 
collapsed acini devoid of colloid (Fig. 6a), an appearance 
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stained with Sudan III and IV. The difference in quality of 
(x 60.) 


the two photographs is due to the gland of Case 1 being embedded in gelatin. 


(b), 


Fic. 2.—Low power view of adrenal glands of Case 1, (a), and of Case 2 


~ 


Fic, 3b. 


(a), and of Case 2, (b), showing disorganization of cortical structure. 


n’s trichrome x 100.) 


Fic. 3a, 


(Masso 


Fic. 3.—Low power view of adrenal cortex of Case 1 


Fic. 2a. Fic. 2b. & 
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Fic, 4a. 


Fic, 4b. 


Fic. 4.—High power view of adrenal cortex of Case 1, (a), and of Case 2, (b), showing poor zona glomerulosa and moderate pleomorphism of 


cells of zona fasciculata. 
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Fic, 5a. 
Fic. 5.—Pituitary gland of Case 1, (a), and of Case 2, (b). 


(Masson’s trichrome x 413.) 


Fic. 5b. 
(Gomori’s aldehydefuchsin x 100.) 


The basophil cells are dark. 


Fic. 6.— 
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Fic, 6a, Fic, 6b. 


Fic. 6.—Thyroid gland of Case 1, (a), and of Case 2, (b). The gland of Case 1 shows a thyrotrophic hormone-like effect. (Haematoxylin 
and Eosin x 100.) 


he 


Fic, 7a. Fic, 7b. 


_ Fic. 7.—Parathyroid gland of Case 1, (a), and of Case 2, (b). The gland of Case 1 shows some upset which is difficult to interpret. 
} (Haematoxylin and Eosin x 100.) 
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Fic, 8a. 


FIG. 9a, 
Fic. 9.—Testis of Case 1, (a), and of Case 2, (b). 


Fic. 8b. 
Fic. 8.—Pancreas of Case 1, (a), and of Case 2, (b). Both are normal. (Haematoxylin and Eosin x 100.) 


> 


Fic. 9b. 


The gland of Case 1 shows tubular atrophy with reduced spermatogenic activity. There 
is no detectable abnormality of the interstitial cells in either case. 


(Haematoxylin and Eosin x 100.) 
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wh ch may result from over-production of thyrotrophic 
hor mone (Sclare, 1956). 


‘tHE PARATHYROID GLANDS. In neither case do the 
glands appear to be unusually large or small. The gland 
of ‘he shorter lived infant (Case 2) shows no histological 
abnormality (Fig. 7b). The gland of Case 1, however, 
shows an increased number of smaller cells with more 
hyperchromatic (or pyknotic) nuclei (Fig. 7a). We find 
it impossible to conclude from this whether the gland is 
undergoing atrophy or hyperplasia. In favour of 
atrophy is the apparent increase in condensation of 
blood vessels per field. On the other hand, Greene 
(1948) cites experimental evidence in favour of a para- 
thyrotrophic hormone. Study of a section of rib from 
each case fails to demonstrate bone absorption, and a 
section of kidney from each case fails to show evidence 
of nephrocalcinosis by Von Kossa’s stain. It may be 
that neither infant lived long enough to exhibit these 
changes. 


THE ISLETS OF THE PANCREAS. Islet tissue appears 
to be present in normal amount (Fig. 8) and « and 8 
cells are present in both cases. 


THE Testis. The testis of Case 2 shows a normal 
degree of spermatogenesis (Fig. 9b). The testis of 
Case 1 shows a relative degree of atrophy of the semini- 
ferous tubules (Fig. 9a) with markedly reduced spermato- 
genic activity, although artefact is present as a result of 
unsatisfactory fixation. This finding is consistent with 
the records of testicular atrophy in pituitary basophilism 
in the adult. Interstitial cells appear to be present in 
normal numbers in each case. 


THE THyMus. This organ is generally considered to 
be an endocrine gland, although in hypofunction of the 
adrenal cortex it appears to behave in the same manner 
as lymphoid tissue elsewhere in the body (Crooke and 
Russell, 1935). In the present two cases, the weight of 
the thymus was at the upper end of the scale of normal 
limits, and it must be assumed that the episode of adrenal 
hypofunction was too acute to allow time for the glands 
to show hyperplasia, regeneration or a reduced rate of 
involution. 

Discussion 

‘ypoplasia of the adrenal glands is well known 
ir association with anencephaly (Angevine, 1938) 
a | in association occasionally with other con- 
g ital deformities of the central nervous system. 
I, another group, however, adrenal hypoplasia 
is he only abnormality (Sikl, 1948; Deamer and 
S er, 1950; Geppert, Spencer and Richmond, 
|. 9; Provenzano, 1950; Welsh and Mehlin, 1954; 
V liams and Robinson, 1956; Harlem and Myhre, 
| 7; and MacMahon, Wagner and Weiner, 1957), 
a some of these cases have responded well to 
h mone therapy (e.g. Case 1 of Williams and 
R inson, 1956). Some authors emphasized that 
(|. survival of these children was precarious, with 
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sudden irrecoverable collapse if therapy were 
stopped even for a short period, and for this reason 
Mitchell and Rhaney (1959) felt that it was unjusti- 
fied to investigate their second case fully while 
denying the infant the chance of recovery with 
replacement therapy. The histological appearances 
of the adrenal cortex of the brothers reported here 
resemble very closely those of Case | of Mitchell 
and Rhaney (1959) even to the presence of cyto- 
megaly (Kampmeier, 1927; Beatty and Hawes, 1955). 
It should be stated that we are aware of endocrine 
gland involution during replacement therapy, but 
that we do not consider this process to be important 
in our cases, nor in the similar cases reviewed by us, 
because the adrenal glands are hyperactive. We 
believe that their small size is a congenital anomaly. 
It is essential in such cases, however, to make a 
thorough study of the whole endocrine system. 

For example, Blizzard and Alberts (1956), 
Brewer (1957) and Ehrlich (1957) have described 
congenital aplasia or hypoplasia of the pituitary 
gland, and Mosier (1956) has recorded the condition, 
which is accompanied by hypoplasia of the adrenal 
glands, in siblings. 

Further, our study of the literature reveals several 
familial syndromes which involve adrenal gland 
hypofunction: (1) The syndrome of hypopara- 
thyroidism, adreno-cortical insufficiency and chronic 
moniliasis brought to general notice by Sutphin, 
Albright and McCune (1943) and followed by 
several reports, all from America (Leonard, 1946; 
Collins-Williams, 1950; Leifer and Hollander, 
1953; Baker, 1954; Papadatos and Klein, 1954; 
Craig, Schiff and Boone, 1955; Whitaker, Landing, 
Esselborn and Williams, 1956; and DiGeorge and 
Paschkis, 1957); (2) the association of Addison’s 
disease with thyroid gland changes in some instances 
(Wells, 1930; Anderson, Goudie, Gray and Tim- 
bury, 1957), and the well-known familial tendency 
to hyperthyroidism (Martin and Fisher, 1945), or 
to hypothyroidism as in sporadic non-endemic 
goitrous cretinism (Hutchison and McGirr, 1956), 
make a study of the thyroid gland essential; (3) the 
coincidence of diabetes mellitus and Addison’s 
disease was described by Bloomfield (1939) and by 
McNicol and McNicol (1960) and since a 
familial tendency in diabetes is now well known, 
a familial tendency to both conditions simultaneously 
may be reported in the future; and (4) the syndrome 
of Addison’s disease in association with familial 
spastic paraplegia has been recorded recently by 
Harris-Jones and Nixon (1955). 

The existence of these conditions makes it 
necessary to examine not only these endocrine 
organs, but to examine the gonads histologically 


me! 
4 
} 


568 


in order to exclude the presence of ectopic adrenal 
tissue at this site, and also to examine the central 
nervous system, mainly to exclude a congenital 
abnormality of the fore-brain. We were unaware 
of the existence of the association between Addison’s 
disease and familial spastic paraplegia and therefore 
a histological examination of the spinal cord was 
not made. 

The findings suggest that our cases exhibit primary 
adrenal gland hypoplasia with secondary pituitary 
basophilism, although it is not possible to state 
categorically that the infants would not have 
developed later one or other of the syndromes 
referred to above, had they survived. 


Summary 


Congenital adrenal hypoplasia is recorded in two 
brothers who died in the neonatal period. 

Two previous examples of this condition in 
infants have been reported; one sibling has been 
maintained alive by replacement therapy in each. 

Histological study suggests that the present two 
cases suffered from primary adrenal gland hypo- 
plasia with secondary pituitary basophilism, the 
effects of which are demonstrable on the other 
endocrine glands. 


We are very grateful to Dr. J. H. Hutchison for per- 
mission to abstract the case records of these two cases, 
to Professor S. Graham for advice, and to Professor T. 
Symington for studying an adrenal gland from each case. 
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POSTURAL TREATMENT OF CHILDREN WITH A 
PARTIAL THORACIC STOMACH (‘HIATUS HERNIA’) 


BY 


I. J. CARRE* 
From the Department of Child Health and Paediatrics, University of Birmingham and the Children’s Hospital, Birmingham 


(RECEIVED FOR PUBLICATION APRIL 4, 1960) 


Considerable debate centres round the best way 
of treating children affected with a small partial 
thoracic stomach (‘hiatus hernia’ or ‘short oeso- 
phagus’) uncomplicated by an oesophageal stricture. 
Two diametrically opposed views exist. On the one 
hand there are those workers who subscribe to a 
conservative regimen of management. Others, in 
the belief that the disorder is analogous to the 
hiatus hernia of adults, advocate surgical procedures 
aimed primarily at replacing and retaining the 
stomach wholly within the abdomen. 

The following report records the long-term results 
achieved with conservative postural methods of 
treatment. The value of such therapy has been 
assessed by comparing the progress of treated chil- 
dren: with the expected outcome as deduced from the 
natural history of the disorder (Carré, 1959). The 
treatment of children with a partial thoracic stomach 
complicated by an oesophageal stricture is not 
considered. 

Method 


Definition of Abnormality. The following review 
is restricted to patients shown radiologically to have 
part of the stomach protruding through the oeso- 
phaveal hiatus. In every instance the gastro- 
oescphageal junction has been situated within the 
thor.x at the upper limit of the intrathoracic gastric 
locu'us. Patients with only gastro-oesophageal 
ince npetence have not been considered. 


A sessment of Clinical Progress. Clinical progress 
has .een determined objectively. The same classi- 
fica! on of symptoms has been employed as used in 
the: udy of the natural history (Carré, 1959), namely: 


requent: If vomiting and/or difficulty in swallowing 
solid food was noted to occur daily or at least on 
alternate days in children taking a normal diet for 
age. The routine use of a mashed diet occasioned 
by a child’s difficulty in swallowing solids has been 


5 F sent address: The Department of Child Health, Institute of 
Clini Science, Grosvenor Road, Belfast 12. 


interpreted as implying the existence of frequent 
symptoms despite the fact that the child on its 
mashed diet might have been having little or no 
vomiting or dysphagia. 

Moderate: If vomiting and/or difficulty in swallow- 
ing solid food was noted to occur on an average of 
less than three times weekly but at least monthly 
in a child taking a normal diet for age. 

Minimal: If vomiting and/or dysphagia were absent 
or occurred on average less than once a month in 
a child taking a normal diet for age. 


Type of Patient Considered. In the study of the 
natural history (Carré, 1959) it was concluded that 
untreated clinically affected patients could be divided 
into the following relatively distinct clinical groups: 


Comme Symp- | 
omatology on : ecte 
Weaning to Prognosis _ Patients 


Mixed Diet (%) 
60-65 


Group 


Benign course. Major- | 
ity free of symptoms 
by 2 years: 


I | No symptoms 
or improved 


(a) Prolonged clinical 30 

No improve- course with ‘moder- 

ment or worse ate’ or ‘frequent’ 

vomiting and / or 

dysphagia common- 

ly persisting to at 

least 4 years of age; 

no oesophageal 
stricture; 

(6) Symptomatology 
and progress depen- 
dent on presence 5 
of an oesophageal 
stricture 


Survivors 
II 


<5 
Deaths In the absence of an 
oesophageal stricture 
death likely to occur 
during infancy from 
combination of 
| marasmus, bio- 
| chemical distur- 
| bances and infection 


Because of the naturally occurring variation in 
clinical progress exhibited by individual patients, 
consideration of results has been restricted to the 
following two groups of patients whose progress 
in the absence of treatment could be forecast reliably. 
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Group A. All patients in whom a partial 
thoracic stomach had been radiologically confirmed 
by 3 months of age were included. Since clinically 
affected children progress in a similar manner 
during the early weeks of life irrespective of the 
eventual outcome (Carré, 1957), it is apparent that 
all clinical types would be correctly represented in 
such a group. Thus, in the absence of beneficial 
treatment about one-third of these patients would be 
likely to pursue a protracted clinical course (Groups 
IIa and b of Natural History Study: Carré, 1959). 


Group B. This group comprised patients who 
were between 6 months and 2 years of age when 
started on postural treatment and who were not 
improved clinically when weaned on to a solid diet; 
no patient had a proven oesophageal stricture when 
first seen. (Group II patients of Natural History 
Study: Carré, 1959.) In the absence of beneficial 
therapy almost all these children could therefore 
expect to suffer from troublesome symptoms until 
at least 4 years of age with about one in six deve- 
loping an oesophageal stricture. 


Group A Patients 


period of study all infant patients 
thoracic stomach had been radio- 


During the 
whose partial 
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logically confirmed by 3 months of age were tre ited 
routinely by posture from the time of diagnisis; 
none of these patients received any form of sur ‘ical 
treatment before the age of 34 years. In view ©. the 
therapeutic policy adopted this group therefore 
represents a consecutive and unselected serie: of 
patients all of whom were started on postural t eat- 
ment within the first 3 months of life. All surviving 
patients have been followed up to at least 4 years 
of age. 

Although some patients had oesophageal nariow- 
ing on fluoroscopy, none had a proven oesophageal 
stricture at the time of starting treatment. All 
suffered from symptoms of ‘frequent’ severity when 
started on treatment. No child showed signs of a 
commencing spontaneous symptomatic improve- 
ment. 


Patients given ‘Adequate’ Postural Therapy. In 
this section only those patients have been considered 
whose treatment fulfilled the following requirements: 
(a) Patients were kept in a sitting posture with the 
trunk inclined at 60° or more with the horizontal. 
Posturing of a lesser degree occasionally employed 
during the early stages of this study was found to be 
therapeutically ineffective (Fig. 1). As it was 
impossible to maintain this degree of propping 
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Fic. 1.—At 10 weeks this infant weighed only 10 oz. more than his birth weight. 


raising the head of the cot on 10-in. blocks. 


No significant improvement was noted over a period of three weeks. 


The patient was treated by propping with one pillow and 
Subsequent to nursing 


in an erect posture vomiting ceased and a rapid gain in weight was recorded. This patient was 74 years old when last seen. There had 
been no recurrence of vomiting. 
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TABLE 1 
*ROGRESS OF 34 PATIENTS STARTED ON ‘ADEQUATE’ POSTURAL TREATMENT BEFORE 3 MONTHS OF AGE 
‘Adequate’ 
Postural Treatment Clinical Progress 
Case Supplementary Age at 
No Age Age Treatment Severity of Symptoms and Age Last Review 
Started Discontinued 
(weeks) (months) Frequent Moderate Minimal Yrs Mths 
16 1 12 —— B - lw -— lw -LR 7 5 
80* 7 30 B -LR 6 8 
81 2 10 _ B - 2w a 2w-LR 7 0 
83 2 14 Thickened feeds B - 2w — 2w-LR 6 5 
87 12 12 Thickened feeds Sw-— 44m _— 44m-LR 5 6 
88 8 B - 4w 4w- 7w Tw-LR 4 0 
90 6 9 — B - 6w — 6w-LR 5 9 
91 2 7 Alkali B - 2w 2w- 5m 5m-LR 6 7 
97 2 20 =~ B - 2w 2w- 8w 8w-LR 7 1 
98 12 12 —_ B - 3m 3m- 4m 4m-LR 7 6 
99 2 8 a B - 2w 2w-— 6w 6w-LR 4 11 
102 2 14 — B - 2w 2w-12m 12m-LR 5 6 
103 3 4 — B - 3w 3w- S5w 5w-LR 6 1 
1067 2 18 Atropine, alkali B - 3m 3m- 4y — 
4y- LR 7 1 
112 10 7 — B - 5m a= 5m-LR 6 3 
113 2 6 — B - 2w 2w-— 4w 4w-LR 4 0 
114 6 21 -- B - 6w 6w- 5m 5m-8m 
8m-12m 12m-LR 6 5 
115 3 16 _ B - 3w oo 3w-LR 5 10 
121 2 15 — B - 2w 2w- 4w 4w-LR 6 0 
123 4 12 Alkali, thickened feeds B —- 2m 2m- 5m 5m-LR 5 il 
124 9 days 3 os B - 2w 2w- 6w 6w-LR 4 5 
126 7 16 Thickened feeds B - 8w — 8w-LR 6 0 
127 12 23 Thickened feeds B - 6m 6m-13m 13m-LR 7 4 
Alkali, atropine 
139 9 days 2 a B - 2w a 2w-LR 5 3 
144 9 days 6 — B - 2w — 2w-LR 5 1 
146 12 24 Thickened feeds B -— 5m 5m-20m 20m-LR 5 4 
147 2 6 — lw- 3w 3w-— 3m 3m-LR 4 5 
148 4 6 — B - 5w Sw- 3m 3m-LR 5 0 
149 12 14 — lw-14w — 14w-LR 5 3 
154 3 9 — B - 6w 6w-12w 12w-LR 4 9 
156 2 12 _ B - 4w 4w-— 9m 9m-LR 4 7 
158 7 5 oe 5w- 9w 9w- 3m 3m-LR 4 1 
159 4 10 Thickened feeds, B - 7m 7m-— 8m 8m-LR 4 1 
atropine. 
168 1 8 Thickened feeds B - 3w 3w-— 7w Tw-LR 5 3 


* Only two vomits per year from 2 years, but food finely cut up because of dysphagia. 
+ Developed an oesophageal stricture; surgical repair of ‘hiatus hernia’ when 6 years old. 


Abbreviations: d = days w = weeks m = 


without the use of some form of chair or supportive 
harness only those infants have been included who 
were kept propped up by means of some such 
aprliance.* (6b) Posturing was maintained con- 
tin ously day and night up to the age of 1 year, 
or f symptoms had subsided before, until a mini- 
mi n of six weeks complete freedom of symptoms 


ha. been recorded. 
_veatment Given in Addition to Posture. The 
ro: ine policy throughout was first to try the effect 


of \osture without altering the feeding regimen in 
way. If progress was considered unsatisfactory 
ural treatment was augmented by thickening 


nitially many methods were devised, but the plaster chair 
bed by Hill (1953) has been used routinely in the treatment of 


pat: during the latter part ofthisstudy. Other postural appliances 
hay 


»een described by Davies (1952) and Rosenweig (1954). 


months y = years LR = last review B = birth 


the feeds.t In fact, only eight of 34 infants were 
given thickened feeds in addition to postural 
therapy. Treatment was further supplemented in 
two of these eight by the administration of alkali 
which was also prescribed for two others in the group. 


Results. Thirty-four infants were treated by 
adequate sustained posture as defined above. All 
were kept under regular out-patient supervision at 
a special follow-up clinic throughout the period of 
treatment. The clinical progress of these infants is 
summarized in Table 1. 


+ Methods used to thicken feeds: 
(i) Benger’s Food—one teaspoonful to 2 oz. of milk feed. 

(ii) Cornflour—one tablespoonful to a pint of milk feed. 

(iii) Carob-seed flour, marketed under the name of ‘nestargel’ 
by the Nestlé Company—half to one teaspoonful to 12 oz. 
of feed (0: 5-1°% of powder to each feed). 

These thickened feeds were given by feeding bottle using a teat 
with a large hole. Additional thickening, if desired, was obtained 
by merely increasing the concentration of the thickening agent. 
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Only four of these 34 infants suffered from either 
‘moderate’ or ‘frequent’ symptoms beyond 12 months 
and only two beyond 2 years of age. One of these 
latter children (Case 80) had vomited only two to 
three times a year from 2 years of age until last seen 
when 6 years 8 months old. During this period, 
however, she had continued to have difficulty with 
swallowing and required to have solid food finely 
cut up. Examination by barium swallow and 
fluoroscopy at her last attendance showed no evi- 
dence of oesophageal narrowing. The other child 
(Case 106) showed no improvement with treatment 
and developed an oesophageal stricture. A surgical 
repair of the ‘hiatus hernia’ when she was 6 years old 
did not produce any significant benefit and when 
seen one year later she still complained of frequent 
dysphagia and vomiting. 

These results compare favourably with the ex- 
pected outcome of a similar group of untreated 
patients (Carré, 1959). Without treatment, it is 
probable that at 12 months of age about 22 and at 
2 years about 15 patients would have been troubled 
with symptoms of either ‘moderate’ or ‘frequent’ 
severity. Of these, 11 would still have been vomiting 
more than once a month on average at 4 years with 
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one or two having developed an oesophas zal 
stricture. One other patient might have died in 
infancy. 

The speed of response to treatment was varia le. 
In some patients improvement was dramatic w) ile 
symptoms in others abated only slowly ovei a 
period of months. The speed of response may be 
determined from the time interval between he 
institution of therapy and the onset of symptoms of 
‘minimal’ severity. This period was less than 
two weeks in 12 patients. In a further 12 this 
interval varied between two weeks and three months, 
In eight patients the response to treatment was 
gradual with intervals varying from three to 17 
months between the commencement of treatment 
and the onset of ‘minimal’ symptoms. Two patients 
failed to respond. Confirmatory observations were 
recorded in 20 other similarly treated patients 
excluded from the present review because of an 
inadequate follow-up. Seven of these 20 patients 
had virtually ceased vomiting within two weeks and 
another eight within three months of starting 
treatment. The prompt beneficial response which 
may follow the institution of postural treatment is 
illustrated by Case 121 (Fig. 2). 
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Fic. 2.—The progress of this child illustrates the prompt symptomatic response which may follow the institution of adequate postural treatrient 


in early infancy. This infant commenced vomiting at 3 days. 


When 2 weeks old she weighed 1 Ib. 12 oz. less than her birth weight. 


Following rehydration with intravenous fluids and treatment by nursing in an erect posture vomiting ceased dramatically and concurrently 
her weight rose steadily. She was last seen at 6 years of age; there had been no recurrence of symptoms, but she still had a demonstr ible 


partial thoracic stomach when examined by barium swallow and fluoroscopy. 


Weight 


; expected weight gain - - - - - - 
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TABLE 2 


PROGRESS OF 15 PATIENTS DIAGNOSED BEFORE 3 MONTHS OF AGE BUT GIVEN 
‘INADEQUATE’ POSTURAL TREATMENT 


Postural Treatment Clinical Progress Age at 
Case Supple- Last 
No. Age Age mentary Severity of Symptoms and Age Review Remarks 
Started Discontinued Treatment 
(weeks) (months) Frequent Moderate Minimal Yrs Mths 
a1 | 2 5 Thickened feeds | 2d - 4m 4m-llm 1im-LR | ae. Propped with pillows only 
24 8 3 Thickened feeds | B -44m Propped for hour after feeds 
25 6 2 a B -10w _ _ 10 w Adequately propped for $} hour 
(died) after feeds 
92 6 7 Thickened feeds,| 4w- 8m 8m-12m 42 Pneumonia 11 and 19 mths; 
14 mths 24 alkali, atropine | 12m-3y7m — 3y 7m-LR adequate propping 6 wks— 
7 mths; one pillow only used 
14 mths-2 yrs; resection of 
oesophageal stricture and 
partial gastrectomy at 3 yrs 
7 mths 
107 8 8 Thickened feeds | B - 3m 3m-15m 15m-LR 6 7 Two pillows only 
111 2 1 Atropine B - 3w 3w- 8w 8 w-LR 7 4 o~ “tad postured 2-4 wks 
only 
122 11 20 am, "ore, B -6m 6m-LR —_ 6 3 Propped with pillows only 
eeds 
130 6 30 _ 7 d- 5m 5m-17m 17 m-LR 6 1 on and head of cot 
raise 
140 2 3 Atropine, thick- | B - 8w 8 w- 4m Adequately propped, but for 
ened feeds 4m- 7m 7m-12m 12m-LR 3 insufficient peri 
143 9 9 — — B-4m 4m-LR 5 0 Pillows only 
145 2 9 — B -3w — 3 w-LR 6 Adequately propped 2-4 wks 
only, then one pillow to 
9 mths 
150 6 5 — 2w- 6w 6 w-3h y 34y-LR 4 5 Propping adequate, but for 
insufficient period 
153 1 24 B -4m 4m-2ty 24 y-LR 4 5 of cot raised and one 
pillow 
164 6 18 —-- 2w- Sm 5m-12m 12m-LR 40 — propping 6-12 wks 
only 
165 12 12 Thickened feeds,| B -12m 12m- 3y 3 y-LR 4 3 Pillows only and for one hour 
: alkali after meals 


Abbreviations as in Table 1. 


Patients Given ‘Inadequate’ Postural Treatment. 
For the purpose of comparison a summary is 
included of the progress of 15 children given 
‘inadequate’ treatment. Postural treatment has 
been judged as ‘inadequate’ for the following 
reasons. Pillows only were used to posture seven 
patients, while in eight instances propping though 
adeyuate in degree, was either employed inter- 
mittently or continued for an insufficient period 
(Table 2). 

There was an additional important difference 
beteen the two groups. These patients, in contrast 
to ose already discussed, were not kept under 
regi ‘ar out-patient supervision. In other respects 
the: were exactly comparable to those considered 
in { e previous section with the exception that one 
pat’ nt (Case 143) had symptoms of only ‘moderate’ 
Seve ity at the time of commencing treatment. 


K sults. Eight children were well by 2 years. 
Tw patients died in early infancy. One child 


dev’ oped an oesophageal stricture. The remaining 


four children suffered from symptoms of ‘moderate’ 
seve ity beyond 2 years of age; one of these still had 
mo erate’ symptoms at 4 years. 


These results are not dissimilar to the expected 
outcome should none of these children have been 
treated by posture. For, in the absence of treat- 
ment eight or nine would probably have been well by 
2 years of age. Of the others, possibly one might 
have died and another developed an oesophageal 
stricture. The remaining four or five children would 
probably have suffered from symptoms of at least 
‘moderate’ severity up to 4 years of age and longer. 


Group B 


The greater strength and activity of these 
older patients made it infinitely less practical to 
effect a comparable degree of sustained propping 
as quoted for Group A patients. It has been 
necessary, therefore, to adopt much less strict 
criteria of treatment. Patients have been included 
where a genuine attempt had been made to keep 
them propped throughout the night and during 
daytime rest periods. 

Children considered in this survey have been 
treated by posture for either a minimum period of 
nine months, or a period extending for six weeks 
beyond the onset of ’minimal’ symptoms should 


— 
a 
2al 
le. 
ile 
a hk 
be 
he 
‘his 
‘hs. 
Vas 
17 
ent 
nts 
ere 
nts 
an 
nts 
ind 
ing 
‘ich 
t is 
> 
he 
ght. 
ently 
ible 


574 


this have occurred before nine months treatment 
had been given. 

No child was subjected to any surgical procedure 
other than oesophagoscopy during the nine months 
of postural treatment. 

All patients considered were 4 years of age or 
more at the time of their last review. 


Results. There were only nine patients whose 
symptomatology and treatment conformed with the 
above conditions. Alkali was given as supple- 
mentary treatment to five patients; two of these 
were given atropine as well. The clinical progress 
of these patients is summarized in Table 3. 

Three patients developed an _ oesophageal 
stricture; one other child suffered from symptoms 
of ‘moderate’ severity until the age of 6 years 
11 months. The remaining five children had only 
‘minimal’ symptoms at 4 years of age; in four 
‘minimal’ symptoms had dated from 2 years or 
younger. If untreated it is probable that only 
one or two of the nine patients would have shown 
much improvement by 4 years of age. 

The response to treatment appeared to be un- 
related to the age of commencing treatment. Of 
four whose treatment started before 12 months of 
age, two developed an oesophageal stricture while 
two were well at 4 years; of five commencing 
treatment between 12 and 24 months, one developed 
a stricture, one suffered from ‘moderate’ symptoms 
until almost 7 years and three were clinically well 
at 4 years. 
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Fig. 3 shows the progress of one patient v ho 
responded to conservative therapy. 


Complications of Postural Treatment 


The only complications observed which coulc in 
any way be attributed to postural therapy were 
occasional sore buttocks, usually encountered at the 
start of treatment, and a flattening of the had 
similar to that described by Craig (1953). 


Flattening of Head. The following brief rev.ew 
was undertaken with the object of determining 
more precisely the relationship of a flattened head 
to postural treatment. In the absence of anatomical 
measurements a child has been regarded as having 
a ‘flat’ head if the alteration in head shape was 
sufficiently obvious to cause comment. Three 
groups of patient are considered: 

1. Children who were kept sitting up at 60° or 
more throughout each 24 hours for a minimum 
period of one month and who were followed-up 
for at least six months from the start of treat- 
ment. 

2. Children who were postured either inter- 
mittently or for less than one month, or in 
whom the degree of propping was less than 
that stated for Group 1. 

3. Patients given no postural treatment and who 
were between 6 months and 2 years of age 
when seen. 

As shown in Table 4 a flattened head was only 


TABLE 3 


PROGRESS OF NINE PATIENTS BETWEEN 6 AND 24 MONTHS WHEN STARTED 
ON POSTURAL THERAPY 


| 
Age of | Clinical Progress | Age at 
Case | Starting Supple- | Last 
No. Postural mentary | Severity of Symptoms and Age | Review Remarks 
Treatment Treatment | | | | 
| (months) | Frequent | Moderate | Minimal | Yrs Mths 
55 | 20 a | B-20 m 20 m-22 m 22 m- Postural treatment discontinued 24 yrs; 
2y10m 8 4 recommenced 3 yrs 4 mths (two pil- 
| | 2y 10 m- 3 y 6 m— 6y 11 m—- | | lows) until 6 yrs 
3y6m | 6yilm LR | } 
62 | 17 Alkali, atropine B-12 m 12 m-17m 17 m-LR 4 0 | Propping discontinued 24 yrs 
79 84 kali B-84 m 84 m-18 m 18 m-LR 6 | Propping discontinued 34 yrs 
86 | 18 Alkali 9m-18m | 18m-20m 20 m-LR 4 1 | Propping discontinued 24 yrs 
101 18 — B-LR — — 4 9 | Propped 18 mths-2} yrs; oesophageal 
| stricture 2 yrs; repair of ‘hiatus 
hernia’ at 4 yrs 7 mths; good immedi- 
| | ate symptomatic response 
110 6 Alkali, atropine B-18m_ | 18m-2 4m|2y4 4 | Propping discontinued 2 yrs 
119 1 | 5 3 | Propping discontinued 2 yrs; 
| oesophageal stricture 21 mths 
129 8 Alkali B-18m_ | 18 m-18} m — Treated by posture for 10 mths 
| 183 m- 3y6m-LR;| 4 1 | Oesophageal stricture 16 mths; repait 
3y6m | of ‘hiatus hernia’ 18 mths; no im- 
provement; resection of stricture and 
oesophago-gastrostomy 34 yrs: im- 
proved; died 4 yrs 1 mth from nzuro- 
| blastoma 
160 14 —_ B-18m 18 m-2 y 2 y-LR 4 4 Postured for 12 mths 


Abbreviations as in Table 1. 
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Fic. 3.—Despite vomiting from birth this infant gained weight satisfactorily until 6 months. 


During the following three months vomiting 


increased and no weight gain was recorded. No solid food was retained. From the time of starting postural treatment at 84 months, 
vomiting at night, which had been a notable feature, ceased and dysphagia and day vomiting gradually subsided over a period of nine 


months. 


Except for an occasional vomit associated with respiratory infections this child remained free of symptoms up to his last review 


at 74 years. 


noted among children of Group 1; all were less than 
3 months old when started on treatment. Eight 
of the 13 children who developed a ‘flat’ head were 
girls. Birth weights ranged from 4 Ib. 14 oz. to 
9 Ib. 4 oz. with an average of 6 Ib. 15 oz. Two 
children were noted as having developed a ‘flat’ 
hea within one month of starting treatment. 


Discussion 


Value and Limitations of Postural Therapy. 
Pos ural treatment for the purpose of this review 
has been regarded as ‘adequate’ only if it entailed 


TABLE 4 


RELATIONSHIP OF POSTURAL TREATMENT TO 
ALTERATIONS IN SHAPE OF HEAD 


Ag. on Starting Number of Patients 
Posti al Treatment 
months) Group 1 Group 2 Group 3 

0-1 31 (7) 6 (0) 
1-2 11 (3) } 49 (13) 6 (0) ; 15 (0) 11 (0) 
2-3 7 (2) 3 (0) 
>3 22 (0) 12 (0) 


Fi; tres in brackets indicate number of patients with a ‘flat’ head. 
For definition of groups 1, 2 and 3, see text. 


keeping infants propped at 60° or more throughout 
the 24 hours. These requirements were originally 
formulated largely on the basis of theoretical 
reasoning during the early stages of this study in 
1951. 

By 1950 the aetiological importance of gastro- 
oesophageal reflux in the development of oeso- 
phagitis, ulceration and ultimately stricture forma- 
tion in adult patients had been established (Tileston, 
1906; Winkelstein, 1935; Dick and Hurst, 1942; 
Johnstone, 1943; Allison, Johnstone and Royce, 
1943). Similar oesophageal changes noted in some 
children with a partial thoracic stomach appeared 
to have an identical aetiology as free gastro- 
oesophageal reflux was a frequently associated 
radiological feature. The damaging effect of gastric 
juice, hydrochloric acid and pepsin on the oeso- 
phageal mucosa had been demonstrated experi- 
mentally by Friedenwald, Feldman and Zinn (1928), 
Selye (1938) and Ferguson, Sanchez-Palomera, 
Sako, Clatworthy, Toon and Wangensteen (1950). 
There was, therefore, good evidence for supposing 
that the greatest danger to patients with gastro- 
oesophageal incompetence lay in the regurgitation of 
unbuffered and undiluted gastric juice. 
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Lelong, Aimé, Aubin and Bernard (1939) reported 
that infants with a ‘brachyoesophage’ were improved 
if nursed propped up after feeds. These observa- 
tions were later confirmed by Wyllie and Field (1946), 
Nicod (1948) and Roviralta (1949). It seemed 
logical to postulate that the assumption of an erect 
posture by invoking the aid of gravity lessened the 
amount of gastro-oesophageal reflux in these 
infants which secondarily resulted in an amelioration 
of symptoms. On the basis of this reasoning it 
seemed particularly important that any such pos- 
turing should not be confined to short periods 
during the day or after feeds, but should be main- 
tained throughout the night when the protective 
effect of food in buffering and diluting gastric 
contents was non-operative. Continued posturing 
throughout the 24 hours was therefore adopted 
as an essential requisite of ‘adequate’ therapy. 

In addition to keeping patients propped up 
throughout the 24 hours, it soon became apparent 
that to be therapeutically effective posturing had to 
be of such a degree that patients were maintained 
in a sitting position (Fig. 1). It was found impos- 
sible to maintain this degree of propping without 
the use of some form of supportive harness or chair 
and for this reason postural treatment which did not 
include the use of some such appliance has been 
regarded as ‘inadequate.’ 

No evidence has been obtained from this study 
favouring a relaxation of these measures. On the 
contrary, the results achieved have demonstrated 
that prolonged sustained propping in a sitting posture 
is essential if maximum benefit is to be obtained 
from this form of therapy. Whereas encouraging 
long-term results were recorded in the group of 
infants started on ‘adequate’ treatment by 3 months 
of age, a second comparable group given ‘in- 
adequate’ therapy compared unfavourably. In 
fact, the ultimate prognosis of these latter children 
did not appear to have been materially influenced 
by therapy. These results also emphasize the im- 
portance of out-patient supervision. There is little 
doubt that an important factor contributing to the 
adequacy of treatment in the former group was the 
fact that patients were kept under regular out- 
patient observation. Though difficult of accurate 
evaluation, two features appeared to affect adversely 
the long-term response to treatment, namely 
maternal inadequacy, often aggravated by poor 
social conditions, and recurrent upper respiratory 
tract infections causing temporary exacerbations 
of vomiting. 

It is possible to define two distinct clinical groups 
among infant patients based on their response to 
postural therapy. Of patients started on ‘adequate’ 
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sustained postural treatment by 3 months of ige 
approximately two-thirds had virtually ceased 
vomiting within three months of starting treatm: nt, 
By contrast, improvement in the remaining Cne- 
third was slow with troublesome symptoms | er- 
sisting for many months. The relative proporti yns 
of these two groups, namely two-thirds and cne- 
third, are identical to those of the two clin cal 
categories recognizable among untreated in{ant 
patients, i.e. Groups I and II of the natural history 
study (Carré, 1959). This similarity in distribution 
suggests that the patients who responded prom) tly 
to treatment were in fact precisely those who, if 
untreated, would have undergone a spontaneous 
clinical cure by 2 years of age (Group I). Whereas, 
those whose improvement was slow and protracted 
were probably patients who, in the absence of treat- 
ment, would have suffered from troublesome 
symptoms to 4 years and older, with a few deve- 
loping an oesophageal stricture as a complication 
(Groups Ila and b). Yet, with prolonged postural 
therapy eight of the 10 latter patients became 
virtually symptom free by 2 years of age; 
vomiting in four of these did not cease until after 
nine months of continuous therapy. The absence of 
a rapid symptomatic response should not be inter- 
preted therefore as an indication per se for aban- 
doning postural treatment. 


Postural treatment when first started in late 
infancy or early childhood was not accompanied 
by such encouraging results as noted when treatment 
was started during the first months of life. Never- 
theless, it seems that about half of the older 
patients are likely to benefit from postural treatment. 
There are two probable reasons why treatment 
should be less effective when first instituted at this 
age. The pathological changes in the lower 
oesophagus are more likely to be irreversible and, 
secondly, sustained adequate posturing is more 
difficult to achieve because of these patients’ greater 
activity and strength. 


Having regard to the recorded results and analyti- 
cal precautions adopted, it is concluded that postural 
treatment is of considerable value in the manage- 
ment of infants with a partial thoracic stomach 
uncomplicated by an oesophageal stricture. To be 
maximally effective, however, treatment must be 
commenced as early in infancy as possible, and 
patients should be propped at 60° or more through- 
out the 24 hours. Treatment should be continued 
for as long as 12 months should troublesome 
symptoms persist; in refractory cases little acdi- 
tional benefit is likely to result from more prolonged 
treatment. In those patients who respond ii is 
advisable to continue with treatment for a further 
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si weeks after the virtual cessation of all 
sy nptoms. 

it must be appreciated that the effectiveness of 
pcstural treatment in this study has been deter- 
mned solely by reference to clinical disturbances. 
Aithough of undoubted clinical benefit, there is no 
evidence that postural treatment influences the 
radiological ‘cure’ rate (Carré and Astley, 1960). 

Postural treatment can only be regarded as 
routinely applicable if at the same time it can be 
asserted that no permanent undesirable ill effects 
are likely to accrue. Craig (1953) has recorded a 
flattening of the head in two infants with a ‘hiatus 
hernia’ treated by posture—an observation sub- 
sequently confirmed by Davies (1953). Thirteen 
similar instances have been noted among 98 patients 
treated by posture. All 13 children who developed 
a ‘flat’ head had been started on treatment before 
the age of 3 months and had been maintained 
continuously in a sitting posture for at least one 
month. These latter patients represented about 
one-quarter of the children so treated (Table 4). 
Not a single instance was seen among children 
treated by intermittent or lesser degrees of propping, 
among children over 3 months of age when started 
on treatment nor among untreated patients. The 
relationship of a ‘flat’ head to postural therapy 
is further emphasized by the findings in two sets of 
identical twins. One set was started on ‘adequate’ 
postural treatment at 10 days of age; both infants 
developed a ‘fiat’ head. Of the other set of twins 
one infant was treated by posture from 7 weeks; 
the other received no postural treatment. The 
twin treated by posture developed a ‘flat’ head, 
whereas the other did not. 

It might be thought that the skull of a premature 

baby would be softer and more malleable than that 
of a full-term infant and that as a result premature 
babies would be particularly liable to develop 
alterations in head shape. However, it was not 
possible to demonstrate any relationship between 
brth weight and the development of a ‘flat’ head 
it this series. 
It is apparent that the ‘flat’ head seen in certain 
ildren with a partial thoracic stomach arises 
condarily to the maintenance of an erect posture 
ring the early months of infancy. That this 
normality may develop relatively quickly is 
astrated by the two patients in this series who had 
veloped a ‘flat’ head within one month of starting 
tatment. As these ‘flat? headed children grow 
jer the alteration in head shape becomes pro- 
2ssively less noticeable and it is probable, though 
t certain, that the abnormality eventually resolves 
mpletely. 


ago 


That the propping up of small babies might result 
in eventual maldevelopment of the spine is often 
of justifiable concern to parents, and Braid (1953) 
has questioned whether prolonged treatment in an 
erect position might not interfere with normal 
pelvic growth. Though specifically looked for, 
no evidence of either spinal or pelvic maldevelop- 
ment has been noted among children in this series. 

The introduction of thickened feeds was of great 
supplementary value in the few infants slow to 
respond to posture alone. Alkali and atropine 
derivatives were given so infrequently and sporadi- 
cally that no reliable assessment of their therapeutic 
value is possible on the basis of this study. That 
these agents may have contributed to the symp- 
tomatic recovery of the few patients given these 
medicaments cannot be discounted. It may pos- 
sibly be of significance that three of the four children 
whose treatment first started between 6 and 24 
months of age and who either developed an oeso- 
phageal stricture or were still troubled with vomiting 
at 4 years of age had not been given alkali. On the 
other hand, of the five comparable patients whose 
symptoms at 4 years were ‘minimal’, four had been 
given alkali as supplementary treatment. In any 
case, until such time as unequivocal evidence to the 
contrary has been produced there seems to be, on at 
least theoretical reasoning, sufficient justification for 
the use of alkali as supplementary therapy. 


Comparison of Published Results. Although only 
sufficient experience has been gained from this 
study to justify conclusions on the value and limita- 
tions of postural therapy, the published results of 
both medical and surgical treatment are briefly 
reviewed for the purpose of comparison. Only 
information relating to the treatment of children 
with a proven partial thoracic stomach uncompli- 
cated by an oesophageal stricture is considered. 
Unfortunately, a strict comparison of published 
results with those of this study is largely impossible 
because of the frequent omission of essential data 
on methods and duration of treatment, length of 
follow-up, criteria of assessment and even more 
important the age and type of child treated. More- 
over, most reported series include both medically 
and surgically treated patients. This raises an 
additional difficulty as it is seldom clear why 
patients were chosen to receive either one or other 
form of therapy. Because of the inevitable selection 
involved the results quoted in such reports need to be 
evaluated with considerable caution. 

Good clinical results following conservative 
postural treatment have been claimed by Lelong, 
Aimé and Aubin (1941), Roviralta (1952), Fox and 
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Hunter (1954), Swyer (1955) and Burke (1959). 
Unfortunately, the information provided is insuffi- 
cient to permit of comparison with the observations 
of this study. A very limited comparison has been 
possible with the observations of Masse and Bader 
(1957). For the most part patients seen by these 
authors were first treated conservatively and only if 
the immediate response to treatment was poor were 
they then subjected to operation. Analysis of 
their results shows that of children with a gastro- 
oesophageal abnormality corresponding to the 
partial thoracic stomach of this study, 38 started 
on a similar medical regimen of treatment within 
the first three months of life; 22 (58%) responded 
sufficiently promptly for operative treatment to be 
withheld (Masse, 1959, personal communication). 
These observations agree with those of the present 
review in which it was noted that among 54 com- 
parable patients 35° became virtually symptom- 
free within two weeks and 72% within three months 
of starting postural therapy. 

In contrast, unsatisfactory results from medical 
treatment are quoted by Forshall (1955) and 
Thomsen (1955). A critical evaluation of the infor- 
mation provided by these authors suggests how such 
a contrary opinion to that of this study has come 
about. 

On the basis of experience gained in treating nine 
patients by postural methods Forshall (1955) 
expresses disagreement with the suggestion that 
many ultimately do well with conservative therapy. 
Details of the postural methods and duration of 
treatment are not stated nor is the patient’s age on 
starting treatment. However, it would appear that 
at least five of the nine children were over 2 years 
of age and two had an oesophageal stricture. As 
illustrated in this study such patients represent 
precisely those who would not be expected, and 
indeed do not, respond well to medical treatment. 
It is important that these limited observations should 
be viewed in their correct perspective. Referring 
as they do to a particular type of patient it is clear 
that they should not be interpreted as representative 
of the results of medical treatment as applied to all 
children with a partial thoracic stomach. 

Analysis of Thomsen’s (1955) data shows that 
24 patients were treated by postural methods for 
varying periods. The use of a harness or chair is 
not mentioned and it is probable that the degree of 
propping was less than that used in the present 
study. Two patients died from causes unrelated 
to the gastro-oesophageal abnormality. Of the 
remaining 22 only 12 were considered to have made 
a Satisfactory response to conservative treatment. 
Eleven were diagnosed before 3 months of age and, 


although by no means certain, it is assumed thit 
their treatment will have dated from the time <f 
diagnosis. With postural treatment as defined ani 
applied in the present study 10 or possibly <¢11 
would have been expected to respond. In fact on y 
six became symptom free; their ages at the time : f 
their last review varied from 15 months to 4 year}. 
The other five children were considered to hae 
failed to respond to treatment and were subjecte 4 
to operation. However, consideration of the 
histories of these five patients indicates that in three 
at least postural treatment was maintained for les3 
than six weeks. Had treatment been continued 
longer it is likely that these patients would also have 
responded. For, of comparable patients studied in 
this review about one-quarter showed little improve- 
ment until after three months continuous propping. 
The remaining 11 conservatively treated children 
in Thomsen’s series were over 3 months of age when 
started on treatment. Such a group will include 
a high proportion of relatively severely affected 
children only about one half of whom are likely 
to respond to conservative measures. In fact, six 
of the 11 improved and became symptom free. 
Thus, although at first sight the results quoted by 
this author appear less satisfactory closer scrutiny 
reveals no significant difference from those of the 
present study. 


A similar divergence of opinion exists with regard 
to the value of surgical treatment. Forshall (1955) 
records in a short follow-up review that surgical 
repair of the ‘hiatus hernia’ resulted in relief of 
symptoms in 29 of 30 children so treated. These 
are excellent results, but before giving credit to the 
surgical procedures employed it would be of con- 
siderable moment to know the age of these children 
at operation and, in view of its undoubted bene- 
ficial effect, to know if postural treatment was used 
to any extent either before or after operation. In 
any case a final assessment must await a more 
prolonged follow-up because of the possibility of 
relapse months after apparent surgical cure. In 
view of the therapeutic policy advocated by this 
author of ‘operation in all cases in which the cardia 
is above the diaphragm’ it can be assumed that most. 
patients would have been operated on shortly 
after establishing the diagnosis, in which case the 
majority are likely to have been small infants. 
Should this in fact be so then the symptomatic 
results achieved are not notably different from those 
obtained in this review. Unfortunately, Forshall’s 
encouraging results are not confirmed by other 
workers. Husfeldt (1953), for example, refers to 
the results of surgical treatment as being ‘far from 
satisfactory’. Excluding three patients with an 
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as:ociated oesophageal stricture only 10 of 24 
patients were regarded by this author as cured 
folowing a surgical repair of the ‘hiatus hernia’. 
A'lowing for differing techniques, why should this 
surgeon’s experience differ from that of the previous 
author? One important factor would seem to be 
the type of patient treated. In Husfeldt’s series 
about half were over 2 years of age and there is 
little doubt that many had irreversible pathological 
changes in the oesophagus. It is noteworthy that 
of comparable patients treated by posture in the 
present study about half were similarly benefited. 

Relatively disappointing surgical results have also 
been published by Guichard, Verger and Humeau 
(1956), Bettex and Genton (1957) and Robb (1957). 

Doubt regarding the efficacy of surgical treatment 
is expressed by Burke (1959) in a follow-up report 
on the series of patients originally reported by 
Waterston (1954). Of 64 surgically treated patients 
only 12 responded immediately with cessation of 
vomiting. Of the others ‘improvement had some- 
times begun before surgery was undertaken, but 
more often it was not evident until months or even 
years afterwards’. It should be noted, however, 
that 25 children in this series had an oesophageal 
stricture at the time of operation. 

One other report dealing with the surgical treat- 
ment is that of Duhamel (1957). Excluding patients 
with an oesophageal stricture, 24 of this surgeon’s 
patients had a _ gastro-oesophageal abnormality 
corresponding to the partial thoracic stomach of 
this study. An excellent or satisfactory response to 
therapy was noted in 20; four showed no improve- 
ment. Some degree of comparison is possible 
with the experience recorded in the present study. 
It is probable that most of the patients operated on 
had had a trial period of medical treatment before- 
hind in view of the therapeutic policy adopted by 
this author’s medical colleagues (Masse and Bader). 
Gn the evidencé of the present review the nine 
infants who were less than 6 months old when 
overated on by Duhamel would probably have 
iiaproved over a period of months had postural 
t :atment been continued. In fact, following opera- 
ton two of the nine responded promptly, six made 
a slow recovery with gradual cessation of vomiting 
ad one was not improved. These surgical results 
ae not therefore significantly dissimilar to what 
v ould probably have occurred had postural treat- 
nent been more prolonged. On the other hand, 
c 15 children operated on when over 6 months of 
a e seven made a prompt recovery, five improved 
S »wly and three showed little clinical change. 
f suming that all had troublesome symptoms at 
t 2 time of operation these results reflect an 


improvement on those of the present study for of 
comparable patients only about half benefited wom 
prolonged postural therapy. 

Although considerable experience in mention 
children with a partial thoracic stomach has been 
gained during the past few years, there exists no 
unanimity of opinion on the relative value of thera- 
peutic procedures. In a disorder such as the partial 
thoracic stomach where there is such a wide variation 
in the naturally occurring clinical progress of indivi- 
dual patients it is imperative that strict analytical 
precautions should be adopted when assessing the 
value of therapeutic measures. Failure to do this 
and a lack of appreciation of the natural history 
have been mainly responsible for the controversial 
views expressed. For this reason the present 
study is considered to have an important subsidiary 
value. It is suggested that similar analytical pro- 
cedures might usefully be adopted by other workers 
when assessing the results of either conservative 
or surgical treatment. If this were done there seems 
good reason to expect that many of the divergent 
views at present expressed would soon be resolved. 


Summary 


In this study the value and limitations of postural 
treatment in the management of children with a 
partial thoracic stomach uncomplicated by an 
oesophageal stricture have been assessed. The 
clinical progress of treated patients has been com- 
pared with the expected outcome as determined from 
a previous study of the natural history. All 
patients considered were followed-up to at least 
4 years of age. 

It is concluded that postural treatment is of great 
value in the management of these patients. To 
obtain maximum benefit it is necessary, however, 
that patients be sat up at 60° or more throughout the 
24 hours. This degree of propping can only be 
maintained by using some form of supportive 
harness or chair. Treatment should be continued 
for up to 12 months should troublesome symptoms 
persist. 

The most favourable clinical results were recorded 
in patients aged less than 3 months when started on 
treatment; 30 of 34 so treated were virtually symp- 
tom free at 1 year of age. On the other hand, only 
about one half of the older patients improved. 

As supplementary treatment, thickened feeds 
were found to be of unquestionable benefit. The 
value of alkali could not be accurately ascertained 
though the available evidence suggests that this 
therapy is also helpful. 

The only significant complication of treatment 
was the development of a ‘flat’ head in a few patients. 


hed 
ay 
rife 
= 
> awa 
| 
) 
7 
P 
ees 
3 


580 


This alteration in head shape was confined to 
children who were started on treatment when under 
3 months of age and maintained continuously 
in a sitting posture for at least one month. 

A review of the literature is included showing 
that although much data have been collected during 
the past few years there still exists no unanimity of 
opinion and much confusion of thought on the 
relative merits of different therapeutic procedures. 
It is submitted that a failure to employ strict analyti- 
cal methods when assessing the value of therapy 
combined with a lack of appreciation of the natural 
history have been the factors mainly responsible 
for the controversial views expressed. 


I wish to thank Professor J. M. Smellie of the Univer- 
sity of Birmingham for much encouragement during the 
conduct of this study, Dr. R. Astley for the radiological 
diagnosis of these patients and all medical and surgical 
consultants at the Children’s Hospital, Birmingham, 
who kindly allowed me to supervise the treatment of 
their patients. 
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‘SWEAT TEST’ RESULTS IN NORMAL PERSONS OF 


DIFFERENT AGES COMPARED WITH FAMILIES WITH 
FIBROCYSTIC DISEASE OF THE PANCREAS 


BY 


CHARLOTTE M. ANDERSON and MAVIS FREEMAN 
From the Clinical Research Unit, Royal Children’s Hospital, Melbourne 


(RECEIVED FOR PUBLICATION APRIL 11, 1960) 


Many workers have confirmed the original 
observation of Darling, Di Sant’Agnese, Perera and 
Andersen (1953) that sweat sodium and chloride 
levels in children with fibrocystic disease of the 
pancreas are three to four times higher than those 
found in normal children. The reason for this 
has not yet been defined, but the difference is so 
clear in children that the ‘sweat test’ has become one 
of considerable diagnostic value. 

However, the normal variation of sweat sodium 
and chloride levels in adults and in persons of 
varying age from childhood into adolescence and 
adult life has not been so clearly defined. Despite 
the absence of sound data of this type there is an 
increasing volume of literature in which the authors 
interpret small variations in these levels as ‘an 
indication of abnormality in the groups of persons 
concerned. For instance, Di Sant’Agnese, Darling, 
Perera and Shea (1953) and Smoller and Hsia (1959) 
state that a proportion of parents and siblings of 
children with fibrocystic disease of the pancreas 
have somewhat raised sodium and chloride levels 
and that this indicates their carrier or heterozygous 
sinte; Hsia, Driscoll, Greenberg, Lee and Lanoff 
()°58) state that patients with allergies, particularly 
a‘hma, show higher levels than other children; 
Y'ood, Fishman, Reemtsma, Barker and Di Sant’ 
& nese (1959) state that some adult patients with 
¢ ~onic chest disease such as chronic obstructive 
| monary emphysema show raised levels and should 
t considered ‘formes frustes’ of fibrocystic disease 
c the pancreas. 

-arlier work (Anderson and Freeman, 1958), in 
‘’ ch a small group of parents and siblings were 
‘ spared each with a group of normal adults and 
‘ ‘dren failed to show any difference between the 
sodium and chloride levels in the correspond- 
i groups, but it did indicate that the levels in 
« lts tended to be higher than those in children. 
s work has been extended to include groups of 
iter numbers, primarily to delineate the sweat 


sodium and chloride levels throughout life. These 
levels have then been compared at the corresponding 
ages with those obtained in larger groups of parents 
and siblings of patients with fibrocystic disease. 
The levels in children with chronic or recurrent 
chest disease, including asthma, have also been 
compared with those of children of similar ages 
free from chest illnesses. 


Materials and Method 


Method. Sweating was stimulated by an intradermal 
injection of mecholyl hydrochloride, as described in an 
earlier publication (Anderson and Freeman, 1958); 
2 mg. mecholyl was injected intradermally on the fore- 
arm in adults and older children and a smaller dose in 
babies and young children. Sweat was collected for 
one hour. 

Sodium was measured by flame photometry. This 
estimation can be accurately made in amounts of sweat 
as small as 50 mg., which was all that could be obtained 
from some very young infants. In the majority of 
instances at other ages, over 100 mg. was obtained. 
Chloride was determined by the method of Schales and 
Schales. Owing to the relative inaccuracy of titration 
when chloride levels are low and small amounts of sweat 
are collected, sodium levels are considered to be the most 
reliable. Therefore sodium figures only are presented 
in this paper. There would be no difference in the 
general pattern of results if chloride figures were also 
presented but for the sake of clarity and accuracy they 
are not detailed here. 

In our previous publication the level of 70 mEgq./I. 
was chosen as the upper limit of normal and the lower 
limit of the fibrocystic level, but greater experience has 
shown that the vast majority of non-fibrocystic children 
under 15 years give values below 60 mEq./l. sodium, 
whilst a small percentage of fibrocystic values lie between 
60 and 70 mEgq./l. Consequently a dividing level at 
60 mEgq./l. is now taken but all results between 60 and 
70 are checked. 


Clinical Material. The following seven groups were 
studied: 

1. One hundred patients with fibrocystic disease of 
the pancreas; these were all patients cared for medically 
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582 ARCHIVES OF DISEASE IN CHILDHOOD 


TABLE 1 


COMPARISON OF SWEAT SODIUM LEVELS IN CHILDREN WITH FIBROCYSTIC DISEASE OF PANCREAS 
WITH THOSE OF THEIR SIBLINGS, CONTROL CHILDREN AND CHILDREN WITH CHEST DISORDERS 


Sweat Sodium Levels (mEq./I.) 


| 

Group | No. 

| 0-20 | 20-30 30-40 40-50 50-60 60-70 | 70-80 80-90 >90 
‘Fibrocystics’.. ..| 100 | o | 2 0 0 3 7 | il 16 61 
Controls - axe 100 28 27 25 11 6 3 0 0 0 
Chronic chest disease 100 23 | 31 28 15 1 2 0 0 0 
Siblings ae i 61 | 8 | 28 34 12 15 3 0 0 0 

| 


Numbers represent % of each group. 


by one of us (C.M.A.) during a three-year period. The 
diagnosis was confirmed by clinical history and examina- 
tion, and by at least one other test, i.e. the demonstration 
of pancreatic achylia or deficiency, or of steatorrhoea by 
laboratory techniques. 

2. One hundred children up to 15 years of age used 
as controls; some of these children showed no organic 
disease and were tested purely as controls. The others 
were referred for diagnosis and showed conditions such 
as coeliac disease, steatorrhoea or failure to thrive. 
No child with subacute, recurrent or chronic chest 
symptoms is included in this group. Stools were always 
examined for excess fat in those who had failed to thrive 
and all children with steatorrhoea were shown to have 
normal pancreatic enzymes. 

3. One hundred children up to 15 years of age who 
showed symptoms of subacute, recurrent, or chronic 
chest disease, but no digestive upsets or clinical evidence 
of pancreatic deficiency; these children comprise, first, 
a group, of whom the majority were infants, who were 
referred for a diagnostic sweat test because they had 
recurrent attacks of pneumonia or bronchitis; second, 
a group of patients with proven suppurative bronchi- 
ectasis all treated for a number of years by Dr. Howard 
Williams of the Royal Children’s Hospital Chest Clinic; 
and third, a smaller group of children with chronic 
asthma who were also patients of the chest clinic. 

4. Sixty-one siblings of the patients with fibrocystic 
disease of the pancreas; these were all under 15 years 
of age, were healthy, had grown normally and were 
within normal limits when examined clinically but did 
not undergo any other test to exclude fibrocystic disease 
of the pancreas. 

5. One hundred adults over 20 years of age with no 
known disease; these were personnel working in the 
hospital and relatives and friends of the Clinical Research 
Unit staff. 

6. One hundred parents of the patients with fibrocystic 
disease of the pancreas; these were all over 20 years of 
age and did not complain of any persistent diarrhoea 
or chronic cough. 

7. Forty-seven adolescents between 15 and 20 years 
with no known disease; these were young nurses, 
office workers, laboratory technicians and _ school 
children. 


Results 


All groups contained individuals of both sexes 
in roughly equal numbers, but no difference in 


sodium or chloride levels was noted between the [| 
sexes, although men usually produced a larger | 


volume of sweat than women. 
with no further reference to sex. 
Among the 100 whose diagnosis was considered 


Results are given 


to be that of fibrocystic disease of the pancreas 


and who were all under 15 years of age when first 
tested, all but five showed levels of sodium and 
chloride above 60 mEq./litre by the method ein- 
ployed. Sodium results are included in Table 1 
where the actual number of children showing 
various levels are indicated. The two children 
whose sodium levels are between 20 and 30 mEgq./ 
litre were tested twice with similar results. They 
show other characteristics of the disease, are sisters, 
have pancreatic achylia and persistent suppurative 
chest infection of the type so familiar in this disease. 
The three children with sodium levels between 50 
and 60 mEq,./litre all have chloride levels above 
60 mEq./litre. These children were retested with 
similar findings in one and higher results in the other 
two. However, the results recorded are the first 
performed, as is so with all groups. It can be seen 
that 95% of sodium values are higher than 60 
mEq./litre, 61% being higher than 90 mEgq./litre. 
Table 1 compares these results with the sodium 
figures obtained from the three other groups of 
children. 

Among the 100 children up to 15 years of age 
who did not suffer from any chronic chest infection, 
allergy or pancreatic achylia, 97% of the sweat 
sodium values are below 60 mEgq./litre with 80% 
below 40 mEgq./litre. Among the 100 children 
with subacute or chronic chest disorders, 98% of 
sweat sodium values are below 60 mEq./litre with 
82% below 40 mEq./litre, a scatter almost identical 
to that of children without chest symptoms. Among 
the 61 siblings of the patients with fibrocystic 


disease 59 or 97% were below 60 mEgq,./litre, 43 or | 


70% being below 40 mEq./litre. 

Fig. 1 illustrates the results from the three groups 
of non-fibrocystic children giving a scatter according 
toage. The overall uniformity of scatter can be seen 
but as age progresses a somewhat upward trend in 
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Fic. 1.—Sweat sodium levels in children of varying ages up to 15 years (the upper figure is included in each age group). 


© = normalchildren; @ = children with chronic chest diseases; 


values occurs in all groups. Combining the three 
groups it can be seen that up to 12 months of age 
all but four of the results are below 40 mEq,./litre, 
but after that all age groups show more results 
between 40 and 60 mEgq,./litre and in the 10-15 age 
group about 50% of the values are at that level. 
Therefore up to the level of puberty the majority 
of values are below 40 mEq./litre, but there is a 
tendency for values to increase in later childhood. 
There is no difference at all between the scatter 
©: results for children with or without chest illness 
c: non-fibrocystic origin. Among the siblings 
t' sre are rather more children in the older age 
g¢ oups, for instance, 90% of them are over 12 
r onths compared with 40% of the other two groups 
¢ mbined. Taking this into account there is no 


x = siblings of children with fibrocystic disease of pancreas. 


significant difference between the results from the 
siblings and the other groups. 

The results from the 100 normal adults (Table 2) 
and (Fig. 2) show a much wider scatter of results. 
A considerable number, 34%, were 60 mEq./litre 
and higher and only 23% were below 40 mEq./litre, 
a contrast to the non-fibrocystic children. The 
100 parents of the fibrocystic children (Table 2 and 
Fig. 2) show a similar wide scatter of results with 
39% over 60 mEq./litre and 19% below 40 mEq./ 
litre. Although a few more results from parents 
are in the higher levels, notably the 70-80 mEq./litre 
group, there is a wide scatter of results and above 
80 mEq./litre a very similar number to the normal 
adults. There is therefore no significant difference 
between the two groups of adults, although they 


TABLE 2 


COMPARISON OF SWEAT SODIUM LEVELS IN 100 ‘NORMAL’ ADULTS AND 100 PARENTS OF 
CHILDREN WITH FIBROCYSTIC DISEASE OF THE PANCREAS 


| No. 


Sweat Sodium Levels (mEq./I.) 


Grou 
, | 020 | 20-30 | 30-40 40-50 50-60 60-70 | 70-80 80-90 >90 
bormal adults ..| 100 | O | 7 | 16 21 22 12 12 6 4 
P cnts of children 
ith fibrocystic dis- | 
\se of the pancreas 100 2 3 14 15 27 | 14 16 6 3 


Numbers represent % of each group. 
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differ significantly from the three groups of children 
up to 15 years. 

The 47 normal adolescents between 15 and 20 
years of age show results intermediate between 
those of the children and the adults with 11 or 24% 
above 60 mEq./litre and 13 or 27% below 40 mEq./ 
litre (Table 3 and Fig. 2). 

Fig. 2 gives the scatter of results of children, 
adolescents, adults and parents and indicates clearly 
the gradual increase in levels with age, the greater 
number of higher results after puberty as well as the 
wide variation of values in adult life. Table 3 
combines all the non-fibrocystic results illustrating 
again the upward trend of values with increasing 
age, and shows the percentage of each group giving 
values below 40 mEq./litre, between 40 and 60 
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TABLE 3 


COMPARISON OF SWEAT SODIUM LEVELS IN ALL GROU ?§ 
STUDIED TO SHOW INCREASING VALUES 
AT AND AFTER PUBERTY 


Sweat Sodium Levels 


(mEq. /I.) 
Group | 
| <40 | 40-60 | >6 
Control children .. 80 | 17 | 3 
Children with chronic chest disease 82 16 2 
Siblings of children with fibrocystic | | 
disease of the pancreas 70 27 | 3 
‘Normal’ adolescents 27 49 24 
‘Normal’ adults .. 23 43 | 34 
Parents of children with fibrocystic | | 
disease of the pancreas es 19 42 | 39 


Numbers represent % in each group. 


results it can be seen that about puberty and in 


mEq,./litre, and above 60 mEq./litre. From these adult life the level of 60 mEq./litre can no longer 
~ 
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Fic. 2.—Comparison of sweat sodium levels in control children adolescents, adults and parents of children with fibrocystic disease of 
the pancreas (the upper figure is included in each age group). 
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TABLE 4 


INDIVIDUAL VARIATION IN SWEAT RATE AND COMPOSITION IN FOUR NORMAL ADULTS 
WITH CONSTANT MECHOLYL STIMULUS 


A B Cc D 
Tempera- 
Date ture and Sweat Na Cl Sweat Na Cl Sweat Na Cl Sweat Na Cl 
Climate (g.) (mEq. /1.) (g.) (mEq. /1.) (g.) (mEg./1.) (g.) (mEq. 
~ November 5, 1959 oe a A oy 0-1312 57 49 0-0611 56 79 0-3862 46 32 0-3249 71 & 
shght 
humidity 
November 26, 1959 ue ne *<' 0-1518 64 77 0-0959 | 67 68 0-3724 44 47 | 0-6606 62 49 
1 
humidity 
December 12, 1959 pe eR 0-0944 45 47 0-0414 58 53 0-3283 46 31 0-3389 90 60 
— and 
ry 
February 2, 1960 aa oc) ae fed 0-1110 52 35 0-0688 79 58 0- 3067 36 25 0-3395 60 41 
and 
ry 


A and B are female. 


be considered as the dividing level between a normal 
and an abnormal level of sweat sodium. 
Normal adults included individuals of varying 


ages up to the seventh decade and parents up to the 


fifth decade, but an analysis of these into age 
groups did not reveal any significant difference in 
levels. The increase in values was gradual in later 
childhood, becoming greater at puberty, but did not 
progress further with old age. 


Not only were the values from persons over the 


_ age of puberty likely to be higher, but results from 


individuals showed greater variation when repeated 


atintervals. To illustrate this variation four normal 


adults were tested at about monthly intervals and 


_ the results are recorded in Table 4. Here some 


indication is given of the climatic conditions of the 
day and amounts of sweat collected. Both sodium 
and chloride levels are indicated. This Table shows 
the considerable lability in sweat levels using as far 
as possible the same stimulus. No real correlation 


_ is seen with the climate, nor the volume of sweat 


anc hence perhaps the rate, as the time of collection 
was constant. 

evels over 90 mEq./litre among the adults and 
par nts were repeated if possible. There were 


_ sev n individuals with values in this region. One 


ma > parent and one male adult were unavailable 
for testing. Three of the other five showed lowered 
lev. s of retesting, although still above 60 mEq,./litre. 
Th remaining two, one female parent and one adult 
wo: ian, showed consistent levels. The female 
par nt, the only adult with a sodium level over 
12( mEq./litre, was healthy but thin and had never 
hac any chronic chest symptoms nor diarrhoea. 
A -:ool was normal in appearance and no fat 
glo isles were seen by microscopy. We believe 
thi: sesult to be a normal variant, but it is worthy 
of i rther investigation. 


C and D are male. 


Chloride values are not recorded for reasons 
stated earlier, but the pattern of results in relation 
to age was very similar. 60 mEq./litre of chloride 
was still found to be the dividing line between 
‘fibrocystic’ and ‘non-fibrocystics’ when considering 
children up to 15 years of age. In adults the sodium 
and chloride values did not approximate each other 
quite as closely as they did in children. Among 
the two groups of adults tested, i.e. ‘normals’ and 
‘parents’, sodium figures were often slightly higher 
than chloride figures. However, this did not alter 
the comparison between the two groups of adults 
as there was still a comparable number of figures 
over 60 mEq./litre, for instance, 23% of normal 
adults and 25 % of parents. 


Discussion 

Using a constant method of sweat stimulation and 
collection, levels of sweat sodium have been deter- 
mined at various ages in childhood, adolescence 
and adult life. Fairly constant levels in infants 
and young children are found, but these levels rise 
slowly as age progresses and become very much 
more variable after puberty. Although the level 
of 60 mEq./litre of sodium can be said to be the 
upper limit of normal in the sweat of children under 
15 years, such is not the case in adolescents and 
adults where many of the values are above this 
level. In all children under 15 who were tested, 
whether they are free from disease, suffer from 
chronic chest disease of non-fibrocystic origin, or 
are siblings of patients with fibrocystic disease, 
values are in the same range and 60 mEq./litre can 
be taken as the upper level. Taking into account 
the increasing values occurring after puberty there 
is also no difference in the pattern of results obtained 
from normal adults and from parents of patients 
with fibrocystic disease. 
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The two latter observations are at variance with 
those reported by some other workers, notably 
Di Sant’Agnese et al. (1953), Di Sant’Agnese (1957, 
1959), and Smoller and Hsia (1959) who consider 
that levels of sodium and chloride in the sweat of 
some parents and siblings are higher than normal 
from which they deduce that these individuals are 
carriers of the abnormal gene of fibrocystic disease; 
and Hsia et al. (1958) who consider that children 
with chronic or allergic chest disease show higher 
levels than normal children. Our results, using a 
much wider range of controls, show no evidence 
to support these views. It is difficult to reconcile 
these varying results, but there are some factors 
which can be discussed. 

A possible criticism of our results is that the 
method of obtaining sweat is not a satisfactory one. 
Among workers in the field of sweat electrolytes in 
fibrocystic disease of the pancreas a variety of 
methods have been used to stimulate sweating, but 
these fall broadly into two classes: sweating stimu- 
lated by heat or by other chemical agents. Results 
recorded by Di Sant’Agnese and his group and 
Hsia and co-workers are those of heat sweat. In 
the present study the method of sweat stimulation 
by intradermal mecholyl has been chosen for 
reasons outlined in a previous publication (Anderson 
and Freeman, 1958). As pointed out in that paper, 
the levels of sodium and chloride in sweat obtained 
in this way may be somewhat higher, occasionally 
up to 20 mEq./litre, than in sweat obtained by heat 
stimulation. However, this choice of method does 
not significantly affect the results obtained in the 
present study because all tests were done in the same 
way and can therefore be compared with each other, 
although not necessarily with those of other workers. 


It might be possible that heat sweat produces a 
different pattern of values. However, study of the 
literature relating to normal sweating reveals a wide 
divergence in the range of results of sodium and 
chloride obtained by many workers. Notable 
amongst these references are the review by Robinson 
and Robinson (1954) and the monograph on 
‘Human Perspiration’ by Kuno (1956). The former 
authors state that the concentration of sodium 
chloride in thermal sweat is extremely variable and 
give a list of 10 references in which values varying 
from as high as 100 to 148 mEq./litre down to 
5 mEq./litre are reported, all on supposedly normal 
individuals and mostly adults. Kuno lists three 
groups of workers who find values as divergent as 
400 to 17 mg. % sodium. They both point out the 
numerous factors such as skin temperature, climatic 
conditions, dietary intake of salt, and adrenal 
cortical activity, which can affect these levels and 
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Kuno in particular mentions age, discussing a 
control mechanism which begins to act on the swe it 
centres about puberty. Therefore it seems that o ir 
results in adults obtained by mecholyl stimulaticn 
parallel in the main those of many other workeis, 
who were not concerned with fibrocystic disease >f 
the pancreas. 

Precise knowledge of the physiological control of 
the concentration of electrolytes in sweat has not 
yet been obtained, but many factors apparently 
affect these concentrations. The results present:d 
here support Kuno’s statement that age may ve 


one of the factors and that about puberty there may | 


be some physiological alteration in the control 
mechanism, or the factors that influence the con- 
centrations may be playing a greater part, perhaps 
the endocrine factors. In view of the confusion 
that exists regarding the precise limits of normal 
variation of sweat sodium and chloride concen- 
tration in adults and the limitations of knowledge 
regarding the physiological control of these electro- 


lyte levels, it is unwise to draw conclusions from | 


the rather minor differences which some workers 
have observed in a proportion of parents and siblings 
of patients with fibrocystic disease and in some 
patients with chronic chest disease. In the work 
of both Di Sant’Agnese’s group and Hsia and 


co-workers small groups of control adults are f 


mentioned, but no attention paid to variation over 
a wide range of age. 

A study of the literature devoted to the sweat 
sodium and chloride levels in patients with fibro- 


cystic disease of the pancreas shows that differing | 


levels are given by several authors as the upper 
limit of normal. 
Darling et al. (1953) stated that 60-70 mEq./litre of 
sweat sodium or chloride in heat sweat was the 
dividing line between normal and abnormal, but in 
a recent publication from the same centre (Di Sant’ 
Agnese, 1959) the figure of 50 mEq./litre is given 
without adequate explanation of the change. 
Similarly, 50 mEq./litre is the upper level stated 
by Hsia et al. (1958) whilst 70 to 80 mEgq./litre is 
the figure given by Shwachman and Leubner (1955). 


As there is still such variation among workers | 


regarding the upper limit of normal for heat sweat 
it does not seem reasonable to theorize over levels 
between 50 and 70 mEq./litre obtained in parents 
and siblings (Smoller and Hsia, 1959), children 
with allergic chest conditions (Hsia et al., 1958), or 
adults with chronic chest disease (Petersen, 1959) 
The abnormal gene for fibrocystic disease of the 
pancreas appears to be a reasonably frequent one in 
the community and it might be argued that the adrilts 
and parents who showed values over 60 mEq./I'tre 
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in this paper were all heterozygotes. However, 


bet veen 30 and 40% of both groups of adults 


tesied came into this category and not even the most 
enthusiastic geneticist has yet placed the carrier 
rate at this level. The majority opinion suggests 
that the incidence of this disease in communities 
of Caucasian origin is in the region of one in 1,000 
live births (Carter, in Bodian, 1953; Childs, 1956) 
and consequently, as the former writer states, the 
carrier rate would be about one in 15 or 6-5%. 

If these higher results did indicate the carrier 
state then a proportion of siblings should show 
results in the same range, but in the data presented 
here they donot. Apart from the constant and clear 
difference between fibrocystic and non-fibrocystic 
children under 15 years of age there does not seem 
to be any other information relevant to fibrocystic 
disease of the pancreas than can at present be 
obtained from a study of the actual levels of sweat 
sodium and chloride, unless the reason for the 
varying and high levels found normally after puberty 
bears any relationship to the underlying defect in 
this disease. 

As a consequence of the data presented here the 
determination of sweat sodium and chloride loses 
much of its value as a test for the diagnosis of 
fibrocystic disease of the pancreas in adults. We 
have already encountered difficulty in several 
adolescents and older persons who are suspected by 
certain clinical features of suffering from this 
disease. In these a very careful assessment of all 
features relevant to the disease should be made. 
As yet, there is insufficient evidence for the postula- 
tion of ‘formes frustes’ of the disease, but this 
will be discussed in more detail in a future publica- 
tion. 

The sweat abnormality or the abnormality of 
exocrine secretions in fibrocystic disease of the 
pancreas cannot yet be explained in basic terms, 
and until this can be done, slight abnormalities of 
sweat electrolytes should not be regarded as a 
ge etic manifestation of the disease. Theorizing in 
th. regard has preceded precise basic knowledge, 
an may give rise to misleading genetic counselling. 


Summary 


‘he range of sweat sodium and chloride levels 
' ained by stimulation with mecholyl in normal 
sons from birth to old age has been determined. 
light increase in concentration of these electro- 
s has been found with increasing age in child- 
d. There is a greater increase and variation at 
after puberty. 
‘o difference has been observed in the results from 
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100 normal adults over 20 years of age and 100 
parents of fibrocystic children. 

No difference has been observed in the results from 
61 healthy siblings of fibrocystic children and other 
children up to 15 years of age. 

No difference has been observed in the results from 
100 normal children and 100 children with chronic 
chest illness other than fibrocystic disease of the 
pancreas. 

These results do not provide evidence that the 
carrier state in fibrocystic disease can be deter- 
mined from raised levels of sweat sodium and 
chloride, nor that chest disorders in children show 
altered levels of these sweat electrolytes. 

The ‘sweat test’ is of limited value in the diagnosis 
of fibrocystic disease of the pancreas in young 
adults or older persons. 

Generalizations regarding genetic constitution in 
families of fibrocystic children should await further 
knowledge of the normal mechanism of control of 
sweat electrolytes and the basic defect in fibrocystic 
disease. 


We should like to thank Miss R. Thomson for tech- 
nical help with the electrolyte estimations, and Sister 
Pollock and her staff for help with the ‘sweat tests’, 
the many physicians of the Royal Children’s Hospital 
who have referred patients to us, and the ‘normal 
controls’ who volunteered their help. 
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THE SIGNIFICANCE OF INTIMAL THICKENING IN THE 
ARTERIES OF THE NEWBORN 


BY 


J. H. ROBERTSON 
From the Department of Pathology, University College Hospital, Ibadan, Nigeria 


(RECEIVED FOR PUBLICATION APRIL 25, 1960) 


From both Europe and North America there have 
been a number of reports describing the presence 
of cushion-like areas of intimal thickening and 
elastic reduplication in the arteries of foetuses and 
infants (Dock, 1946; Fangman and Hellwig, 1947; 
Levene, 1956; Robertson, 1960a). The signi- 
ficance of these intimal cushions is uncertain. They 
are believed by some to be pathological in nature 
and the early lesions of atherosclerosis. Another 
view regards them as being a physiological adap- 
tation of the vessel wall to mechanical stress and 
as having little influence in dictating the later develop- 
ment of atherosclerosis. 

At Ibadan, coronary occlusion is rarely seen in 
the adult African and in the literature there are 
many reports indicating that atherosclerosis, cer- 
tainly of the aorta and coronary arteries, is much 
less severe and extensive in the African Bantu and 
Negro than in Europeans (Davies, 1948; Edington, 
1954; Hannah, 1958; and others). The present 
investigation sets out to determine whether intimal 
thickenings occur in the arteries of the African 
newborn and to compare their incidence with that 
found in European and North American subjects. 


Methods 
The popliteal artery of one leg was examined in 
52 newborn African infants, 32 of whom were male 
and 20 female. Their ages ranged from foetuses of 
30 weeks gestation to babies 2 weeks old. Most, 
however, were full-term stillbirths. In 30 of the 
cases, 19 male and 11 female, the proximal parts 
of the anterior descending and circumflex branches 
of the left coronary artery were also examined. 
From each vessel a small segment was taken and 
after fixation in formalin, paraffin sections were 
prepared and stained by haematoxylin and eosin 
and Weigert’s elastic tissue stain counter-stained 
by van Gieson. 
Findings 
In the newborn the intima of the muscular 
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arteries consists of an elastic membrane, the internal 
elastic lamina, which is covered by the endothelium. 
The circular muscle of the media surrounds the 
intima and is bounded on its outer aspect by the 
adventitia. Of the 52 popliteal arteries examined, 
42 (27 male and 15 female) showed areas in which 
there was a disturbance of this architecture. The 
pattern of this varied, but in most instances both 
the intima and media were affected to form a local 
cushion-like thickening of the wall. In the intima 
there occurred 2 reduplication of the internal elastic 
lamina so that several ccarse lamellae or sometimes 
numerous fine elastic filaments were formed between 
which smooth muscle cells could be seen (Fig. 1). 
In the underlying media bundles of longitudinally 
orientated muscle also contributed to the thickening 


Fic. 1.—Popliteal artery. Full term stillbirth. A  cushion-li<e 
thickening of the wall is present over which there is reduplication of 
the internal elastica. (Weigert x 150.) 
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Fic. 2.—High power field of the cushion illustrated in Fig. 1. A band 

of longitudinal muscle is present in the media beneath the split 
elastica. (H. and E. x 300.) 


Fic 3.—Popliteal artery. Full term stillbirth. A cushion showing 

ma: ed reduplication of the internal elastica. The interstices of the 

elas ¢ mesh contain many longitudinally orientated muscle cells. 
(Weigert x 86.) 


of he wall (Fig. 2). These longitudinal muscle 
bu: iles were the most conspicuous feature of many 
cus ions and in some instances they formed the 
wh e of the thickening, there being no reduplica- 
tio: of the internal elastica. Both the size and 


complexity of the cushions varied widely, ranging 
from small nodes of longitudinal muscle in the 
media to the formation of large musculo-elastic 
mounds (Fig. 3). They occurred especially at the 
margins and opposite the mouths of branches, but 
were apparently not restricted to these sites, although 
serial sections would have been required to confirm 
this. 

The left coronary artery was examined in 30 
subjects and in 16 of these (11 male and five female) 
cushion-like thickenings of the wall similar to those 
of the popliteal artery were found. In the coronary 
vessels reduplication of the internal elastica tended 
to be more prominent than bundles of iongitudinal 
medial muscle in the formation of the cushions. 
Only very occasionally, however, did a thickening 
show no evidence of a medial component. In both 
the coronary and popliteal vessels the van Gieson 
stain revealed strands of fibrous tissue in some of 
the cushions. It was generally associated with the 
elastic fibrils of the intima. In no instance was it 
present in large amount and many cushions showed 
no evidence of a fibrous component. 


Discussion 

Two views exist as to the significance of intimal 
thickenings in the vessels of the newborn. Fang- 
man and Hellwig (1947) and Levene (1956) con- 
sidered those in the coronary arteries to be patho- 
logical and the earliest lesions of atherosclerosis. 
Dock (1946) and Robertson (1960a) on the other 
hand, believed that they represented a response 
of the vessel wall to mechanical stress. In the 
coronary vessels Dock attributed this stress to the 
changing length to which these vessels had to adapt 
themselves during cardiac systole. Robertson, 
however, described similar thickenings in the pop- 
liteal and brachial arteries of the foetus and con- 
sidered that their function was to buffer a stress due 
to tugging at the margins of branches and other 
points of fixation of the vessel during its elongation 
with pulsation. It was believed that the presence 
of intimal cushions was of no significance in deter- 
mining the later development of atherosclerosis, 
although, if the disease did occur, it tended to 
localize in these regions of stress (Robertson, 
1960b). 

In the present study of newborn African subjects, 
cushion-like thickenings were found in the popliteal 
and coronary arteries of 81 and 53% of cases 
respectively. In both vessels the incidence was 
slightly higher in males than females. From these 
findings it appears that intimal thickenings 
occur just as frequently in the newborn of the 
African Negro as in those of the white races. Thus, 
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in a series of European foetuses, exactly similar 
structural changes were found in the popliteal 
artery of 76% of subjects (Robertson, 1960a) while, 
in North America, Fangman and Hellwig found 
coronary thickenings in 12 (40%) of 30 newborn 
infants, the incidence being higher in males than 
females. Despite the similar findings in the new- 
born of both races, most authors are agreed that 
atherosclerosis is less marked in the African Bantu 
and Negro than in Europeans. Higginson and 
Pepler (1954), for example, have found that only 
3% of African compared with 32% of Danish sub- 
jects of the fourth decade have severe coronary and 
aortic lesions. The results of the present study 
therefore support the view that the presence of 
intimal cushions in the vessels of the newborn 
plays little part in determining the later develop- 
ment of atherosclerosis. 


Summary 


The presence of areas of intimal thickening and 
elastic reduplication in the popliteal and coronary 
arteries of newborn African infants is described. 


ARCHIVES OF DISEASE IN CHILDHOOD 


Their incidence was found to be similar to that in 
the newborn of European and North Ameri an 
subjects. The significance of these thickeni gs 
in the pathogenesis of atherosclerosis is bri: fly 
discussed. 


I wish to thank Professor G. M. Edington for his 
advice and encouragement during the course of ais 
work. 
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HISTIOCYTIC MEDULLARY RETICULOSIS IN A CHILD 


MALCOLM FOWLER 
From Adelaide Children’s Hospital, Adelaide, South Australia 


(RECEIVED FOR PUBLICATION MARCH 2, 1960) 


Scott and Robb-Smith (1939), using the name 
‘histiocytic medullary reticulosis’, reported four 
cases of a subacute illness characterized by fever, 
anaemia, leucopenia, jaundice and enlargement of 
the lymph nodes, spleen and liver. Microscopically 
there was a proliferation of phagocytes and giant 
cells in the reticulo-endothelial system, the affected 
tissues showing a tendency to undergo haemorrhage 
and necrosis. Marshall (1956a, b) described eight 
cases and referred to seven others reported in the 
literature since 1939. 

The disease has not been reported in children and 
it is for this reason that the following case is mainly 
of interest. (For a review of the literature and 
discussion of various aspects of the disease Marshall’s 
publications, 1956a, 1956b, should be consulted.) 


Case Report 


The patient was admitted to the Adelaide Children’s 
Hespital on October 9, 1954, at the age of 4 years 
5 months with generalized enlargement of the lymph 
nodes. 

Her previous health had been good, apart from 
chickenpox and tonsillectomy, until three months before 
acmission when a small lump in the right side of the 
ne>k had been noticed by her parents. A month before 
ac mission, because of a sudden increase in size of her 
ne k, she was taken to a general practitioner who found 
ru»bery enlargement of five or six lymph nodes in the 
ri at side of the neck. He could not feel the spleen at 
th; time. Following treatment with antibiotics the 
nm ‘es subsided considerably. Two days before admis- 
si 1 they enlarged again, accompanied by a fever with a 
te .perature of 102° F., tiredness and loss of appetite. 

in admission to hospital the cervical, axillary and 
ir uinal glands were all enlarged and the spleen was felt 
3 ngers’ breadth below the costal margin. The liver 
c. ld not be felt. Blood examination showed Hb 
\( g./100 ml., the red blood cells numbered 3,800,000 
pe c.mm. and the white cells 8,800 per c.mm., 61 % being 
ne crophils, 37% lymphocytes and 2% large lympho- 
cy s. No abnormality was seen in a radiograph of the 
ch st. A week after admission the Paul-Bunnell test 
g@ 2 agglutination at a serum dilution of 1 in 32, rising 


to 1 in 64 three days later. Another blood examination 
on the day she left hospital, 11 days after her admission, 
showed Hb 12 g./100 ml., a white cell count of 14,800 
per c.mm. of which 45% were neutrophils, 35% lympho- 
cytes, 18% monocytes and 2% abnormal lymphocytes. 
Apart from two short bursts of fever, up to 100° F., her 
temperature was normal during her stay. On discharge 
from hospital her spleen could just be felt at the costal 
margin and the lymph nodes were much smaller. She 
was sent home to rest in bed, diagnosed as suffering from 
infectious mononucleosis. 

On November 11, 1954, she returned to hospital with 
enlargement of the cervical lymph nodes which had 
apparently occurred over a few hours. Some fever had 
been noted five days before. 

On examination she was pale and had very large 
fleshy lymph nodes in the right cervical region extending 
from behind the ear to the supraclavicular fossa. There 
was also enlargement of the nodes in the right axilla. 
The left cervical nodes were only slightly enlarged and 
no enlargement was felt in the inguinal regions. The 
spleen was enlarged to the level of the umbilicus but the 
liver could not be felt. The throat and middle ears were 
not inflamed. 

Blood examination soon after admission showed 
Hb 10 g./100 ml. and a white cell count of 8,200 per 
c.mm.; bone marrow smears were normal. Further 
blood examinations during her illness showed a pro- 
gressive fall in red and white cells and a later fall in 
platelets; Fig. 1 shows some of these changes. Reticulo- 
cytes never made up more than 2% except on one occa- 
sion when they reached 4% of the total red cell count. 
Four days after admission the lymph nodes were smaller 
but one from the right side of the neck was removed. 
Microscopical examination revealed that the general 
architecture of the node had been destroyed apart from 
some remaining cortical lymphoid follicles. In one part 
of the cortex was a wedge-shaped area of fibrosis con- 
taining scattered plasma cells. Elsewhere there was a 
mixed population of lymphocytes and plasma cells in an 
inconspicuous mesh of reticular cells, amongst which were 
scattered large, sometimes binucleated, mirror-imaged 
‘reticulum’ cells. Reticulin fibrils were increased. 

Fever began on November 22, the temperature remain- 
ing between 100° and 104° F., with rare falls to normal, 
until her death. No infective cause for this was found. 
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Fic. 1.—Haemoglobin and white count during final hospitalization. The numbered arrows indicate pints of transfused blood. 


Blood cultures were negative and her serum did not 
agglutinate suspensions of Salmonella or Brucella 
organisms. In spite of the fever the lymph nodes and 
spleen began to subside on December 2, the spleen 
being just palpable by December 9, and the lymph 
nodes very small. A further aspirate of bone marrow 
on December 13, contained 27% monocyte-like forms, 
13% lymphocytes, 41% polymorphonuclear white cells 
(with no excess of blast forms), 18% normoblasts and 1% 
plasma cells. Many of the monocytic forms had in- 
gested red blood corpuscles, normoblasts, neutrophils 
and platelets (Fig. 2). A platelet count at this time was 
120,000 per c.mm. A mild jaundice was noticed on 
December 22, and this increased steadily. By January 10, 
1955, she was extremely wasted and deeply jaundiced; 
the lymph nodes had again enlarged to the size of marbles 
and the spleen and liver were easily felt. On January 13, 
a month since the last platelet count, the number had 
fallen to 14,000 per c.mm. and did not rise above this 
level again. At this time purpura and bruising appeared, 
followed by epistaxes and bleeding from injection sites. 
A direct Coombs test and a test of red cell fragility, 
both giving negative results, were not done until a few 
days before death, which occurred on January 21, 1955. 


Findings at Necropsy. The autopsy (A.C.H. No. 8/55) 
was performed 60 hours after death. The body was 
extremely emaciated, deeply jaundiced, with numerous 
petechial haemorrhages in the skin. The pleural and 
abdominal cavities contained clear orange effusions. The 
enlargement of the lymph nodes involved all groups, 


the cervical and axillary glands being most affected and 
the lower abdominal and inguinal nodes least. The cut 
surfaces of the glands were firm, pink to brownish purple 
with ill-defined yellow areas of necrosis. A few nodes 
were uniformly yellowish. The greatly enlarged spleen 
weighed 260 g., the serosal and cut surfaces showing 
irregular shaped yellowish areas up to 0-5 cm. in diameter, 
scattered over a dark purple background. The liver was 
enlarged and pale fawn, weighing 670 g. The sternal 
marrow was pale. The lateral muscles of the right 
thigh were soft and greyish, the overlying subcutaneous 
tissue haemorrhagic and the skin vesiculated, these 
changes being considered due to haemorrhage and infec- 
tion at the site of injections. Both middle ears, but 
particularly the right, contained greenish pus from which 
a Proteus organism was isolated. Other organs showed 
no abnormalities apart from the effects of jaundice and 
anaemia. 

Microscopically, identical changes were found in the 
lymph nodes and spleen. The architecture of the organs 
was largely replaced by a loose-textured moderately 
cellular tissue in which there was much haemorrhage 
and coagulation necrosis. The necrotic areas, pat- 
ticularly in the spleen, resembled small infarcts. The 
cellular areas consisted of a loose apparently syncy'ial 
proliferation of reticular cells, having oval vesicular 
nuclei and eosinophilic cytoplasm. Amongst this were 
typical macrophages which varied in number from place 
to place and many of which contained red cells «nd 
nuclear debris (Fig. 3). Another conspicuous but !ess 
numerous element was a giant cell having a large end 
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Fic. 2.—Bone marrow smear, showing a large phagocyte containing 


two red blood corpuscles, two normoblasts and platelets. 
(Giemsa x 750.) 


F 3. 4.—Lymph node, showing necrotic areas and densely staining 
giant cells. 
(H. and E. x 150.) 


Fic. ee node, showing reticular arrangement of histiocytes. 
(H. and E. x 330.) 


Fic. pare node, showing the irregular-shaped hyperchromatic 
nuclei of the giant cells. 
(H. and E. x 330.) 
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Fic. 1.—Haemoglobin and white count during final hospitalization. The numbered arrows indicate pints of transfused blood. 


Blood cultures were negative and her serum did not 
agglutinate suspensions of Salmonella or Brucella 
organisms. In spite of the fever the lymph nodes and 
spleen began to subside on December 2, the spleen 
being just palpable by December 9, and the lymph 
nodes very small. A further aspirate of bone marrow 
on December 13, contained 27% monocyte-like forms, 
13% lymphocytes, 41% polymorphonuclear white cells 
(with no excess of blast forms), 18% normoblasts and 1% 
plasma cells. Many of the monocytic forms had in- 
gested red blood corpuscles, normoblasts, neutrophils 
and platelets (Fig. 2). A platelet count at this time was 
120,000 per c.mm. A mild jaundice was noticed on 
December 22, and this increased steadily. By January 10, 
1955, she was extremely wasted and deeply jaundiced; 
the lymph nodes had again enlarged to the size of marbles 
and the spleen and liver were easily felt. On January 13, 
a month since the last platelet count, the number had 
fallen to 14,000 per c.mm. and did not rise above this 
level again. At this time purpura and bruising appeared, 
followed by epistaxes and bleeding from injection sites. 
A direct Coombs test and a test of red cell fragility, 
both giving negative results, were not done until a few 
days before death, which occurred on January 21, 1955. 


Findings at Necropsy. The autopsy (A.C.H. No. 8/55) 
was performed 60 hours after death. The body was 
extremely emaciated, deeply jaundiced, with numerous 
petechial haemorrhages in the skin. The pleural and 
abdominal cavities contained clear orange effusions. The 
enlargement of the lymph nodes involved all groups, 


the cervical and axillary glands being most affected and 
the lower abdominal and inguinal nodes least. The cut 
surfaces of the glands were firm, pink to brownish purple 
with ill-defined yellow areas of necrosis. A few nodes 
were uniformly yellowish. The greatly enlarged spleen 
weighed 260 g., the serosal and cut surfaces showing 
irregular shaped yellowish areas up to 0-5 cm. in diameter, 
scattered over a dark purple background. The liver was 
enlarged and pale fawn, weighing 670 g. The sternal 
marrow was pale. The lateral muscles of the right 
thigh were soft and greyish, the overlying subcutaneous 
tissue haemorrhagic and the skin vesiculated, these 
changes being considered due to haemorrhage and infec- 
tion at the site of injections. Both middle ears, but 
particularly the right, contained greenish pus from which 
a Proteus organism was isolated. Other organs showed 
no abnormalities apart from the effects of jaundice and 
anaemia. 


Microscopically, identical changes were found in the 


lymph nodes and spleen. The architecture of the organs | 


was largely replaced by a loose-textured moderately 


cellular tissue in which there was much haemorrhage [ 


and coagulation necrosis. The necrotic areas, pat- 
ticularly in the spleen, resembled small infarcts. The 


cellular areas consisted of a loose apparently syncytial i 
proliferation of reticular cells, having oval vesicular [ 
nuclei and eosinophilic cytoplasm. Amongst this were 
typical macrophages which varied in number from place 


to place and many of which contained red cells «nd 
nuclear debris (Fig. 3). 
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Fic. 2.—Bone marrow smear, showing a large phagocyte containing 
two red blood corpuscles, two normoblasts and platelets. 
(Giemsa x 750.) 
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Fi . 4.—Lymph node, showing necrotic areas and densely staining 
giant cells. 
(H. and E. x 150.) 


Fic. 3.—Lymph node, showing reticular arrangement of histiocytes. 
(H. and E. x 330.) 
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Fic. 5.—Lymph node, showing the irregular-shaped hyperchromatic 
nuclei of the giant cells. 
(H. and E. x 330.) 
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hyperchromatic nucleus and a small amount of eosino- 
philic or occasionally basophilic cytoplasm (Fig. 4). 
The nucleus of the cell was commonly irregularly notched 
or folded, and if, as sometimes occurred, several nuclei 
were present these were closely packed together and 
unequal in size (Fig. 5). Transitions between these 
three main types of cell could be seen. Phagocytosis by 
the giant cells was not observed. Moderate numbers of 
mitotic figures were found, mostly in large cells. Mixed 
with this meshwork of histiocytic cells were small 
numbers of lymphocytes and many plasma cells and 
plasmablasts. A notable feature of the abnormal 
tissue was the large number of thin-walled blood vessels. 
In the lymph nodes the peripheral sinuses were usually 
preserved and contained many macrophages. In. the 
spleen a few lymphoid follicles remained. 

The sternal marrow showed almost complete replace- 
ment by tissue similar to that in the spleen and lymph 
nodes, except that giant cells were rare. 

The liver had undergone a moderate degree of fatty 
change and congestion, and in addition contained 
occasional small haemorrhagic and necrotic foci of 
histiocytes and giant cells. Similar groups of tumour 
cells were found in the suprarenal cortex. Phagocytosis 
of red cells by Kupffer cells was. present throughout 
the liver. 

Other organs contained no significant changes. Perl’s 
stain for iron revealed much haemosiderin in the spleen 
and Kupffer cells, but very little in the lymph nodes. 
Reticulin fibrils were increased in the lymph nodes. 


Discussion 


The clinical and pathological findings in this 
case conform in every way to the previous descrip- 
tions of the disease, except for the age of the patient. 
It is not proposed here to discuss the relation of this 
condition to other reticuloses; the pathological 
findings in the reticulo-endothelial organs are, 
however, quite singular. Nevertheless, the histo- 
logical changes in the cervical lymph gland of the 
present case were considered by several pathologists 
to be typical of classical Hodgkin’s disease, appear- 
ances which were to be completely replaced by the 
time of death two months later. 


ARCHIVES OF DISEASE IN CHILDHOOD 


The relapsing nature of the illness also calls ‘or 
attention, indicating that the course of the dise ise 
cannot be fully explained by neoplastic prolife ra- 
tion. The sudden enlargement of the spleen < nd 
lymph nodes may have been partly due to vasct lar 
engorgement rather than cellular proliferat on 
alone. The equally sudden return of these org::ns 
to relatively normal size is hard to explain on otter 
grounds. 

The preliminary diagnosis of infectious mono- 
nucleosis could not be maintained, particularly as 
the Paul-Bunnell tests were performed with non- 
absorbed sera. 

The rapid fall of the haemoglobin level following 
transfusions (see Fig. 1) suggested that the anaemia 
was due not solely to replacement of the bone 
marrow and this was confirmed pathologically 
by the discovery of widespread erythrophagocytosis 
and haemorrhage. 


Summary 


A girl of 44 years presented with enlargement of 
the cervical lymph nodes and spleen, followed by 
anaemia, leucopenia, fever and enlargement of the 
liver. Jaundice, thrombocytopenia and a bleeding 
tendency appeared terminally. 

A lymph node removed during life showed appear- 
ances typical of Hodgkin’s disease but at death the 
reticulo-endothelial system was replaced by a 
proliferation of phagocytic histiocytes and giant 
cells. 


I am grateful to Dr. Malcolm Cockburn for the use 
of the case record and to the Board of the Adelaide 
Children’s Hospital for permission to publish the 
material. Thanks are due to Mr. Ray Boyd for the 
preparation of the illustrations. 
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DEFICIENCY OF VITAMIN B, 
AFTER EXTENSIVE RESECTION OF THE DISTAL SMALL 


INTESTINE IN AN INFANT 


A. C. L. CLARK and C. C. BOOTH 


From The Hospital for Sick Children, Great Ormond Street, and Department of Medicine, 
Postgraduate Medical School of London 


(RECEIVED FOR PUBLICATION MARCH 2, 1960) 


Man may survive resection of surprisingly large 
amounts of the small intestine. As little as 7 in. of 
jejunum and ileum may be sufficient to support life, 
atleast for a time (Jackson, Linder and Berman, 1951), 
and a large number of patients have survived less 
extensive resections and have remained well (Flint, 
1912; Haymond, 1935; West, Montague and Judy, 
1938; Althausen, Uyeyama and Simpson, 1949). 
These observations have been made in adults and 
the results of extensive resections in children during 
the growing period are less certain. Such opera- 
tions are infrequently carried out and there is a high 
immediate postoperative mortality (Benson and 
Sharpe, 1950). Children may, however, survive 
resection of large amounts of the small intestine 
(Blayney, 1901; Flint, 1912), and two infants have 
recently been recorded whose growth and develop- 
ment were normal after resection of all but 26 to 
28 cm. of jejunum and ileum (Pilling and Cresson, 
1957). 

The purpose of this paper is to describe a child 
wo had an extensive resection of the distal small 
intestine soon-after birth. She later developed 
a nild megaloblastic anaemia associated with severe 
B.. deficiency and required treatment with vitamin 
B.. Her growth and development have been 
0’ 1erwise normal up to the age of 24 years. 


Materials and Methods 


daematological methods were those described by 
D cie (1956); serum vitamin B,, levels were measured 
b. microbiological assay using the Z strain of Euglena 
@ «cilis, according to the method described by Hutner, 
B ch and Ross (1956); glucose tolerance tests were 
c: ried out as described by King and Wootton (1956). 

“at balances were carried out over a continuous nine- 
di» period. The child was given a diet containing 
a) oroximately 30 g. of fat daily. After a preliminary 
Pp ‘iod of three days, the stools were collected over 
St cessive three-day periods and the fat content was 


estimated by the method of Van de Kamer, Huinink and 
Weyers (1949). 

Absorption of radioactive vitamin B,, was measured 
by the modified faecal excretion technique described by 
Booth and Mollin (1956). The test dose of vitamin B,, 
was | wg. and was given with 50 mg. of a potent intrinsic 
factor concentrate. 


Case Report 


V.R., a female infant, was born at term on March 31, 
1957, after a normal pregnancy (birth weight 7 lb. 5 oz.). 
Soon afterwards she developed signs of intestinal obstruc- 
tion and was admitted to West Herts Hospital under the 
care of Dr. M. E. Edmunds. Laparotomy was per- 
formed on the 20th day of life and revealed congenital 
malrotation of the gut with volvulus and extensive 
gangrene of the small intestine. Approximately four- 
fifths of the distal small intestine were thought to have 
been removed, end-to-side anastomosis being performed 
between the jejunal stump and the mid-transverse colon. 
The terminal ileum was closed just proximal to the ileo- 
caecal valve. After an initial period of severe vomiting 
and diarrhoea, she recovered from the operation, 
breast feeding was established and she gained weight. 

At the age of 3 months she attended The Hospital 
for Sick Children, Great Ormond Street. At this time 
she was passing two to five bulky fluid stools daily. 
She weighed 9 Ib. 4 oz., and apart from some abdominal 
distension, no abnormality was found on examination. 
She continued with breast feeding and supplements of 
vitamins A, C and D by mouth. By the age of 6 months 
her weight (15 lb.) was above the 10th percentile level. 
Although she continued to have diarrhoea, her weight 
increased at a normal rate until she was 10 months old, 
when she weighed 19 lb. (Fig. 1). During the 11th 
month, however, there was a gradual diminution in the 
frequency of her stools; she began to vomit after her 
feeds and she lost weight. She was then admitted to 
The Hospital for Sick Children at the age of 11 months 
under the care of Dr. P. R. Evans. 


Clinical Examination. This revealed a thin child 
(weight 16 lb. 10 oz.) with generalized abdominal 
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90th 


30 


25} 


RESECTION 
20} 


BODY WEIGHT ('b.) 
a 


VITAMIN Bi2 PARENTERALLY 


6 12 is 2 24 27 30 
AGE — MONTHS 
Fic. 1.—Weight chart of patient V.R. after extensive resection of the 
distal small intestine. Vitamin Bj was given parenterally after the 
thirteenth month. The lines representing the 10th and 90th 
percentile are also shown (Tanner, 1958). 


distension. No peristalsis was visible. There was no 
glossitis nor angular stomatitis. The skin was normal 
and the central nervous system showed no abnormalities. 


Investigations. These revealed Hb 12:1 g. % and 
R.B.C. 4-0 M. per c.mm.; serum electrolytes: Na 140, 
K 4-2, Cl 102 and HCO, 26 mEq,./litre. Stool cultures 
were repeatedly negative for pathogenic organisms. 
Plain radiographs of abdomen showed gross gaseous 
distension with fluid levels in both colon and small 
intestine. 


Treatment and Progress. She was first given oral 
neomycin (20 mg./lb. body weight in divided doses), 
but withovt improvement in her condition. The 
vomiting, periods of constipation and the radiological 
evidence of fluid levels in the bowel suggested a diagnosis 
of subacute intestinal obstruction. A further laparotomy 
was therefore performed on March 19, 1958, but although 
the whole of the large bowel and the jejunum immediately 
proximal to the anastomosis appeared dilated, no 
organic obstruction was found. The remaining small 
intestine consisted of the duodenum and approximately 
30 in. of jejunum, the end of the jejunum being anas- 
tomosed to the middle of the transverse colon, thereby 
short circuiting the caecum, ascending colon and proxi- 
mal half of the transverse colon. Nothing further was 
done and the abdomen was closed. 

Her condition continued to deteriorate after this 
operation. Her weight fell steadily (Fig. 1), vomiting 
continued intermittently and her stools were bulky and 
irregular. However, barium meal showed the small 
intestine to be normal, the barium passing into the colon 
in one and a half hours. A barium enema outlined the 
dilated colon but some of the barium remained for five 
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Fic. 2.—Serum Bj, concentration, body weight, red cells and reticulo- 
cytes before and after treatment with vitamin Bo. 


days in the short-circuited ascending colon and caecum, 
indicating stasis in this loop. 

By May 1958, at the age of 13 months, her weight 
had fallen to 15 lb. (Figs. 1 and 2). Haematological 
investigations now revealed a mild macrocytic anaemia 
(Hb 11-0 g. %; R.B.C. 3-7 M. per c.mm.) and the 
bone marrow was megaloblastic. Her serum B,, con- 
centration was 25 uug. per ml. (normal range 140 to 
900 wug. per ml.). Intestinal function tests were carried 
out at this time and are shown in Fig. 3. Her absorption 
of glucose was normal but she had steatorrhoea (mean 
fat absorption 82% on diet of 30 g. per day) and she 
was unable to absorb any of the test dose of vitamin 
B,. (Fig. 3). 


Response to Vitamin B,,. She was treated with intra- 
muscular injections of vitamin B,, (100 ug. daily for 
nine days, then 100 ug. every two weeks). Her initial 
response to this treatment is shown in Fig. 2. Vomiting 
ceased within 24 hours of the first injection and her 
weight began to increase. Her reticulocytes rose to 

% on the sixth day and the marrow became normo- 
blastic. Although her red cell count fell at first, possibly 
as a result of rehydration, it then rose to normal levels 
without other treatment (Fig. 2). 

Further investigations revealed no evidence of other 
deficiencies. Her total serum proteins were 7:0 g. %, 
serum Ca 8-8 mg. %, inorganic phosphate 5-6 mg. "%, 
and alkaline phosphatase 24 King-Armstrong un’ts. 
Skeletal radiographs revealed no evidence of rickets. 
Prothrombin time was normal. Intestinal function 
studies were repeated after oral chlortetracycline (20 m:./ 
lb. in divided doses for six days). There was no improve- 
ment in absorption of either fat or B,, following t!1is 
treatment (Fig. 3). 
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Biz DEFICIENCY AFTER INTESTINAL RESECTION 
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AFTER 
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FT ate) 
GLUCOSE TOLERANCE TESTS 
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VITAMIN Bj2 ABSORPTION 


Fic. 3.—Intestinal function tests before and after chlortetracycline 
(aureomycin) and after refashioning of the jejuno-colic anastomosis. 
The figures for fat absorption represent the mean absorption per day 


over successive three-day periods. 
be greater than 90%. 


Normal fat absorption should 
The lower limit of the absorption of radio- 


active By by control subjects is indicated by the interrupted line. 


Her weight increased steadily, although her stools 
were unchanged, and she weighed 19 lb. after two 
months’ treatment with vitamin B,, (Fig. 2). A further 
laparotomy was performed on July 30, 1958 (Mr. G. H. 


Macnab). 


The jejuno-transverse anastomosis was un- 


done, and an end-to-end anastomosis was made to the 
caecum. During this procedure many adhesions around 


the jejunum were broken down. 


The jejunum appeared 


slightly hypertrophied immediately proximal to the 
anastomosis, but the remaining small bowel was of 


normal calibre. 


A biopsy taken from the lower end 


of the jejunum showed normal mucosa, but some 
hypertrophy of the muscle coats. 

She recovered well from this procedure and continued 
to iniprove, although a fat balance revealed more marked 
steatorrhoea than before the operation (mean fat 


absorption 52% on diet of 30 g. per day). 


Her glucose 


absorption remained normal, but she was still unable 
to absorb vitamin B,. (Fig. 3). 

After this operation she received a diet usual for her 
age with restriction of fat to 30 g. per day, together with 
oral supplements of vitamins A (7,000 units daily), 
B (Fecosym 1 dram daily) and D (1,000 units daily). 
She yas also given vitamin B,, intramuscularly (100 pg. 


ever’ 


inF 1, 


two weeks). 


Her subsequent progress is shown 
By 20 months her weight was above the 10th 


perc ntile and her development has continued normally. 
Nov at the age of 23 years, she weighs 28-5 lb., a normal 


weig 


it for her age. 


Her Hb is 10-9 g. % and she remains 


well. although she still passes three bulky stools daily. 


Discussion 


E: imations of the amount of small intestine 
rem: ning after resection are notoriously inaccurate 


(Flir 


, 1912). 


At our patient’s first operation, it 


was onsidered that four-fifths of the small intestine 
had »een removed. The remaining intestine was 
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measured at a later laparotomy and was found to 
consist of approximately 30 in. of jejunum. The 
exact length of the small intestine in an infant is 
not certain and the proportion of the bowel remain- 
ing in this patient is therefore not known, but in 
this case 30 in. may possibly represent between a 
quarter and a third of the total small intestine. 

The type of malabsorption from which she 
suffered was characteristic of an extensive resection 
of the distal small intestine (Booth, 1958). Since 
some of her proximal intestine remained, she ab- 
sorbed glucose normally, for glucose is rapidly 
absorbed from the upper small intestine (Verzar and 
MacDougall, 1936). Her remaining intestine was 
apparently only sufficient to absorb between 52 and 
82% of her dietary fat and she therefore had 
steatorrhoea, suggesting that fat is normally 
absorbed more distally than glucose in the small 
intestine. Her inability to absorb vitamin Bjo is in 
keeping with the resection of the distal small 
intestine, for B,g is absorbed in the ileum in man 
(Booth and Mollin, 1959). 


Stagnant loops of bowel may sometimes play a 
part in causing malabsorption (Cameron, Watson 
and Witts, 1949; McIntyre, Sachs, Krevans and 
Conley, 1956; Halsted, Lewis and Gasster, 1956), 
but do not appear to have been a factor in this case. 
In patients with such loops, malabsorption is 
frequently improved by a course of oral broad 
spectrum antibiotics (Mollin and Baker, 1955; 
McIntyre ef al., 1956; Halsted et al., 1956; Booth 
and Mollin, 1957) or by operations which remove 
or correct the loop (McIntyre et al., 1956). Our 
patient’s absorption defects were not improved by 
antibiotics, nor by the removal of the short circuit 
at her last operation, and it seems unlikely that the 
short-circuited area of colon contributed to her 
malabsorption. The reason for her deterioration 
in fat absorption after this operation is uncertain, 
but it may be that the breaking down of adhesions 
around the lower jejunum resulted in more rapid 
passage of food through the remaining small 
intestine. 

For the first 10 months of life her growth was 
normal, suggesting that she was able to absorb 
or derive from tissue stores sufficient nutrients to 
maintain normal development during this time. 
Since she was unable to absorb vitamin Bjo, it is 
not surprising that she ultimately developed By» 
deficiency. The delay in onset of this deficiency 
was presumably due to the time required to exhaust 
the stores of vitamin Bj, in liver and other tissues, 
a situation which is analogous to the delayed develop- 
ment of Bj deficiency after total gastrectomy 
(Pitney and Beard, 1955). The symptoms and 
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signs in our patient were different from those 
usually found in adult patients with Addisonian 
pernicious anaemia. She had vomiting, constipa- 
tion and signs suggestive of intestinal obstruction, 
and she lost weight steadily. There were no neuro- 
logical signs suggesting subacute combined degenera- 
tion of the cord or peripheral neuritis. Despite her 
very low serum Bj» level, she was not markedly 
anaemic, her red cells never falling below 3:0 M. 
per c.mm., although her sternal marrow was megalo- 
blastic. 


Her full and complete response to parenteral 
injections of vitamin B,> suggests that although she 
had marked steatorrhoea, the only deficiency state 
she had developed was Bj deficiency. This 
observation is supported by the absence of hypo- 
proteinaemia, her normal prothrombin time and 
the lack of evidence of rickets. Since she has 
continued to grow normally whilst receiving only 
vitamin B,> parenterally, she appears to be absorbing 
the other nutrient factors required for growth and 
development. These factors, including the vitamins 
other than B;., must therefore be absorbed in the 
proximal small intestine or colon. 


It is not certain whether there is any compen- 
satory improvement in intestinal function in children 
after extensive resections, although adults may show 
a progressive increase in absorptive capacity 
following such operations (Althausen, Doig, 
Uyeyama and Weiden, 1950). It is said that the 
mucosa and muscle of the remaining gut typically 
hypertrophies (Flint, 1912; Jackson, 1958), but 
this does not always occur (Shonyo and Jackson, 
1950; Shelton and Blaine, 1954) and in animals 
the site of the resection may play a part in deter- 
mining whether there is hypertrophy of the remain- 
ing small bowel (Booth, Evans, Menzies and Street, 
1959). In our patient, the barium follow-through 
showed no evidence of hypertrophy of the small 
intestine, but at laparotomy the lower jejunum was 
found to be hypertrophied. It is uncertain whether 
this was due to partial obstruction by the many 
adhesions found in this area at her last operation, 
or whether there has been hypertrophy which was 
compensatory to the loss of intestinal length. It 
seems unlikely that she will recover the ability to 
absorb vitamin Bj), and treatment with vitamin B;> 
by injection is to be continued indefinitely. 

The observations in this patient illustrate the 
importance of the distal intestine in the absorption 
of vitamin B,.. They also support the conclusion 
that patients who have undergone resection of the 
ileum should either be kept under close haemato- 
logical supervision or be treated with prophylactic 
injections of vitamin Bj». 
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Summary 


Extensive resection of the distal small intesti1¢e 
was performed in a child soon after birth. Fer 
growth was normal until she was 10 months cld 
when she began to vomit and lose weight. \t 
the age of 13 months she was found to have a m ld 
megaloblastic anaemia and her serum By» concen- 
tration was very low. She improved dramatica ly 
after treatment with parenteral B,. and her growth 
and development have been normal to the age of 
24 years. 


We wish to thank Dr. P. R. Evans and Mr. G. 4d. 
Macnab for permission to record details of this paticnt 
who was under their care in The Hospital for Sick 
Children, Great Ormond Street; we are also indebied 
to Dr. D. L. Mollin for his encouragement and advice, 
and for permission to quote the results of vitamin B,, 
studies carried out in his laboratory at the Postgraduate 
Medical School. 
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Recently our knowledge of bilirubin metabolism 
has increased considerably. Perhaps the most 
stimulating discovery has been that bilirubin is 
excreted in the bile as a glucuronide (Billing, Cole 
and Lathe, 1957; Schmid, 1957). This has made 
it possible to classify some rare types of chronic 
jaundice more definitely. One of these, chronic 
non-haemolytic familial jaundice, was described 
many years ago by Gilbert and Lereboullet (1901). 
Arias and London (1957) concluded from in vitro 
experiments with liver tissue that the cause of this 
disease was a defect in glucuronide formation. 
The inability to form glucuronides is also present 
in the much more severe type of inherited chronic 
jaundice with kernikterus described by Crigler and 
Najjar (1952) (cf. Axelrod, Schmid and Ham- 
maker, 1957). 

Neonatal jaundice also belongs to this group, 
characterized by insufficiency of glucuronyl-trans- 
ferase in the liver (Dutton, 1959), but, in contrast 
to the diseases mentioned above, is a passing 
phenomenon, present only in the newborn period 
(Vest, 1958; Vest and Streiff, 1959). 

There is another group of chronic non-obstructive, 
non-haemolytic jaundice in which no such defect 
in glucuronide formation is present. In consequence 
a substantial percentage of ‘direct’ reacting bile 
pigment is found in the serum, and bilirubin spills 
over into the urine. This group includes the form 
named chronic idiopathic jaundice (Dubin and 
Johnson, 1954), which is conspicuous by the presence 
of a pigment similar to lipofuscin in the liver cells 
(cf. Dubin, 1958). Clinical symptoms are fluc- 
tuating jaundice, episodes of abdominal pain, 
nausea, vomiting, enlarged liver and dark urine. 
Bromsulphalein retention is greatly increased. 

A few reports have appeared on a syndrome 
similar to the Dubin-Johnson syndrome, where the 
characteristic pigment was missing on examination 
of the liver tissue (Rotor, Manahan and Florentin, 
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1948; Schiff, Billing and Oikawa, 1959; Haverback 
and Wirtschafter, 1960). There are some otiver 
small differences in symptomatology from the Dubin- 


Johnson syndrome. Most important of these are the f 
absence of attacks of abdominal pain and the fact f 


that the gall bladder can be easily seen on oral 
cholecystography. Only six patients with _ this 
syndrome have been described in the literature so 
far, to our knowledge. This makes it difficult to 
decide if the observed differences are constant 
features of this disturbance of bile pigment meta- 
bolism or if they are a variation of the pigmented 
type of chronic idiopathic jaundice. 

The patient described here seems to belong to the 
non-pigmented group and is presented in the hope 
of further clarifying the picture of this pigmentless 


type of chronic non-haemolytic jaundice without F 


insufficiency of glucuronide formation. 


Case Report 


W.M., a 7-year-old girl, born in 1952, is the only — 
child of a family from southern Switzerland. The — 
family history gives no indication of liver or blood — 


disease; the pregnancy was normal and the child's 


birth weight was 3,270 g. At the age of 4 weeks the — 


mother observed a yellow tinge in the skin and this 
slightly icteric appearance has persisted. 


strength to an overt jaundice. 


pain. Sometimes during these attacks the stools are 
paler than normal and the urine is dark. After a few 
days these symptoms subside. At the age of 13 months 
and 16 months the girl was seen by a paediatrician who 


found no abnormalities apart from icteric sclerae. Livet F 


and spleen were not enlarged, Hb was 67% and 76% 
respectively. 
admitted to our hospital because of persistent jaundice. 


First Admission. 
were icteric. 
below the costal margin; the spleen was not enlarged. 


On admission skin and _ sclerae 


It is visible 
especially in the sclerae, but at times it increases in 
When this happens the 
child is tired and anorrhexic, but there is no abdominal F 


At the age of 28 months the patient was 


The liver was palpable one finger-breadth F 
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CHRONIC NON-HAEMOLYTIC JAUNDICE 


eematological studies showed no abnormalities with 
the exception of a slightly higher proportion of smaller 
cels than normal in the Price-Jones curve. Several 
tines the fragility to hypotonic saline solutions was a 
litt.e increased, total haemolysis occurring at from 0-49 
to )-51%. These features were not persistent, however, 
and on other occasions normal values were observed. 
The direct Coombs test and indirect antiglobulin tests 
for antibodies were negative. Serum bilirubin level was 
high and varied between 7-2 and 4:2 mg. % with a 
moderate to strong direct van den Bergh reaction. 
Urobilinogen level in the urine was also high, but 
surprisingly no bilirubin could be detected in the urine 
with the method used at that time. 

Extra-hepatic obstruction was thought unlikely from 
the benign course and from the normal aspect of the 
faeces. Also, on duodenal aspiration, normal enzyme 
activity (trypsin, diastase and lipase) was present in the 
duodenal secretion and A, B and C bile of normal 
appearance and in normal amounts could be aspirated. 
Other laboratory findings are shown in Table 1. 

Because of the slightly increased red cell fragility and 
spherocytosis a mild form of hereditary spherocytic 
anaemia was assumed at that time, despite the rather high 
bilirubin concentration in the serum and the fact that no 
abnormalities were found in the parents. 


Second Admission. In 1959, at the age of 74 years, 
the patient was readmitted for further studies because of 
her persistent slight jaundice with occasional exacer- 
bation. On admission the height was 120 cm. and body 
weight 23-7 kg. There was a reddening of the throat 
and a throat culture produced haemolytic streptococci. 
The antistreptolysin titre was 1:320. Otherwise physical 
examination was negative, except for the icteric sclerae. 
Liver and spleen could be felt at the costal margin. 


TABLE 1 
LABORATORY FINDINGS 
Investigations 1955 1959 
Haemoglobin a 87% 90% 
Red cells millions/mm. 3 ae 4-36 4-26 
Colour index .. 1-0 1-07 
Ani-ocytosis .. res slight slight 
Leu-ocytes permm.® .. 7,300 9,150 
Neutrophils stab 7°5 15-5 
Neutrophils segmented 22-5 55 
Neutrophils eosinophil — 0:5 
Neutrophils 
onocytes 12-0 5-0 
L mphocytes 58 
cells .. 0:5 
Ret -ulocytes 3°5 1-3 
Pla’ lets 286,000 81,000—160,000 
Hae natocrit 43 
Rat > of red cells to white cells 
n bone marrow .. ¥ 26/100 12/100 
Pric -Jones curve ..| Slight shift to left normal 
Osr otic fragility: 
t sinning of haemolysis ..| 0-45 to 0-53% 0:49% 
tc al haemolysis .| 0°39 to 0-41% 0-35% 
Dir -t Coombs test negative negative 
Ind. ect antiglobulin test negative 
Aut -antibodies negative 
Wa ermann reaction .. negative 
Pro rombin 80-100% 40-100% 
Coa lation time 5 min. 3 min. 
Blec ing time (sec.) 45 90 


TABLE 2 
LIVER FUNCTION TESTS 
Investigations 1955 

Serum bilirubin (mg. %) 4-2-7:-2 

Direct + 
Cholesterol (mg. 

Esters 
Total protein (g. 
Serum iron (ug. %) .. 54-86 
Blood sugar (mg. %) . oie 93 
Serum alkaline phosphatase st 
Takata-Ara R (+) 
Cadmium reaction trace 
Thymol turbidity, units 

SGOT, units . 29 

SGPT, units .. 12 
Galactose tolerance . ee normal normal 
‘Bromsulphalein’ retention - — 51% and 489 
Hippuric acid test low no 
NAPA-test for glucuronide 

formation .. normal 

Urine: 

Urobilinogen increased mg./24 hrs 

Coproporphyrin trace 

Duodenal fluid: 

Trypsin normal normal 

Diastase normal normal 

Lipase normal normal 


BLoop FINpDINGs. The red cell count was 4:26 million, 
Hb 89% and colour index 1-07. Some anisocytosis was 
discernible. Reticulocytes 1-3%; white cell count 
9,150 per c.mm. The differential count and additional 
haematological data are listed in Table 1. 


LiveR FUNCTION (Table 2). Takata-Ara reaction was 
one plus; cadmium, a trace; thymol-turbidity 2-3 units; 
total serum protein 5-35 and 6-7 g. %. Paper electro- 
phoresis revealed albumin 48%, «,-globulin 5-8%, 
11°6%, B 13°-4%, and y-globulin 21-:2%. The 
increase in y-globulin was probably produced by the 
existing throat infection. Serum transaminase glutamic 
oxalacetic, 29 units; glutamic pyruvic, 12 units; serum 
alkaline phosphatase, 12 units; cholesterol, 177 mg. %; 
cholesterol esters, 72%. The prothrombin activity was 
40% on admission, but afterwards, on repeated deter- 
minations, was always normal. 

Serum bilirubin determination (methods of Jendrassik 
and Grof, 1938; Malloy and Evelyn, 1937) gave 
values between 5-0 and 4-1 mg. % for total bilirubin, 
the direct reacting pigment being 3-5 to 2:2 mg. %. 
Paper chromatography of the serum by the method of 
Schmid (1957) showed two bands of azoderivatives with 
an Rf of 0-46 and 0-58. 


Urine. Urines generally were rather dark in colour. 
Urobilinogen excretion (average of two 24-hour collec- 
tions) amounted to 4-86 mg. per day and therefore was 
greatly increased (method of Schwartz, Sborov and 
Watson, 1944). As expected from the increased amount 
of ‘direct’ reacting bile pigment in the serum, some 
bilirubin was excreted in the urine (0-62 mg. per 24 
hours) (method of With, 1942). Only a trace of porphy- 
rin was found and a qualitative test for melanin was 
negative. Amino-nitrogen excretion was normal (31 mg. 
per 24 hours) and the amino-N-coefficient was 1:7. 
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Stoots. The stools were of normal colour. The 
faecal urobilinogen excretion (average of two 24-hour 
collections) was 32:25 mg. per day, a value that is normal 
for this age group (method used for estimation, 
Schwartz et al., 1944). The total bile pigment excretion 
(stools and urine) in 24 hours amounted to 37-1 mg. 
The haemolytic index (calculating a blood volume of 
1,900 ml.) was 15. This normal value excluded an 
accelerated red cell destruction. The ratio of faecal 
to urinary urobilinogen was very low, 6-6:1 (the normal 
is about 100:1), showing that a much larger amount of 
urobilinogen was excreted by the kidneys than is normal. 


‘BROMSULPHALEIN’ Test. After intravenous injection 
of a dose of 5 mg. of ‘bromsulphalein’ (BSP) per kg. 
body weight, the retention in the blood 30 minutes later 
was 51%. On repetition of the test five weeks later, 
it was 48% (normal at this age 0-1:5%). The dye was 
detectable in the duodenal aspirate 45 minutes after the 
injection, whereas it normally appears within the first 
15 minutes. The peak concentration of 66 mg. % in 
the duodenal fluid was reached after 70 minutes and 
two hours after the injection the concentration was still 
higher than 50 mg. %. Because of the difficulties in 
recording duodenal fluid volume it is not possible to give 
figures for absolute amounts excreted. In the urine 
14-6% of the injected dose of BSP (125 mg.) was excreted 
in the first two hours after administration; the following 
portions contained progressively smaller amounts, but 
even 18 hours later the BSP concentration was still 
1-9 mg. %. The results of the test are shown in Fig. 1. 
In addition chromatography of BSP metabolites in the 
serum 15, 30, 120 and 420 minutes after injection by the 
method of Carbone, Grodsky and Hjelte (1959) gave 
values of 5-3%, 5-4%, 17% and 26% respectively for 
BSP conjugates. This indicates an increase in the 
percentage of conjugated BSP concurring with a decrease 
in free BSP. In the bile, apart from free BSP, up to 
three BSP-conjugated were present, with Rf-values of 
0:64, 0:57 and 0-40. From these findings an impairment 
of ‘bromsulphalein’ excretion is evident which seems to 
be caused not so much by a deficiency of conjugation 
as of secretion. 


Hippuric Acip Test. After intravenous injection of 
1-5 g. benzoic acid the patient excreted 0-59 g. hippuric 
acid in the urine within the following one-hour period. 
In our experience this can be considered as a low normal 
result in a child of this age. Glycine conjugating ability 
seems not to be impaired to a great extent. 


GLUCURONIDE FORMATION. N-acetyl-p-aminophenol 
(NAPA) was used as a substance to test the ability of the 
patient to form glucuronides. After oral or intravenous 
administration this substance is conjugated at the 
hydroxyl-group and excreted as glucuronide and sulphate 
in the urine. In adults the recovery within 24 hours is 
about 70 to 80% of the dose administered. Estimation 
of free NAPA in the serum and urine (Brodie and Axel- 
rod, 1948) before and after hydrolysis with £-glucuroni- 
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Fic. 1.—Bromsulphalein test; Upper part, concentration of ‘brom- 
sulphalein’ in the serum after injection of BSP 5 mg. per kg. body 
weight, retention after 30 minutes, 51%; Middle part, amount of 
BSP excreted in the urine in four two-hour periods and concentration 
of BSP in the urine at various intervals after injection; Lower part, 
time of appearance and concentration of BSP in the duodenal fluid. 


dase makes it possible to calculate the amount of NAPA 
conjugated with glucuronic acid (Vest and Streiff, 1959). 
Fig. 2 shows the results obtained with this test after 
intravenous injection of 240 mg. of N-acetyl-p-amino- 
phenol. Retention in the serum was 7:6% after six 
hours (normal values are less than 10%). The curve 
showing the concentration of NAPA-glucuronide at 
various time intervals also takes a normal course. The 
girl excreted in the urine 72:7% of the dose injected 
within 24 hours. Of this 10-8% was in the free form, 
45% conjugated with glucuronic acid and the rest with 
sulphate. Fig. 2 also shows the increase of glucuronic 
acid in the serum, which occurred after administration 
of NAPA. On the other hand this load did not influence 
the level of the serum bilirubin. The excretion of 
glucuronic acid (estimated by the method of Dische, 
1947) in the urine amounted to 57 mg. per 12 hours 
during a control period. After the injection of ‘he 
NAPA it rose to 177 mg. in the first 12-hour period »nd 
to 107 mg. in the second. These findings show tat 
glucuronide formation is not deficient in this patient 
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CHRONIC NON-HAEMOLYTIC JAUNDICE 
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Fic. 2.—Test for the ability of the liver to form glucuronides; Upper 
part, concentration of glucuronic acid and total! bilirubin in the 
serum at various times after injection of N-acetyl-p-aminophenol in 
a dose of 10 mg. per kg. body weight; Lower part, concentration of 
total p-aminophenol, free N-acetyl-p-aminophenol and p-amino- 
phenol-glucuronide in the serum after the NAPA load. 


RADIOGRAPHIC EXAMINATION. An oral cholecysto- 
graphy with four tablets of iopanoic acid (Cistobil 
‘Cilag’) showed a well-filled gall bladder shadow. After 
ingestion of egg-yolk a contraction of the vesicle was 
clearly visible. 


Liver Biopsy. A liver biopsy was performed, using 
a Menghini needle (Menghini, 1958). Histological 
examination* revealed normal liver tissue with an un- 
altered lobular hepatic structure. There was no increase 
in connective tissue in the portal tracts. The small bile 
duc ules were not dilated and there were no bile thrombi 
in he bile capillaries. Glycogen was present in the 
live’ cells in normal amounts. No abnormal pigmen- 
tati »n was seen either in the liver or in the Kupffer cells. 


Discussion 
"his patient presented the following symptoms: 
a 4ronic jaundice with a serum bilirubin level 
bet een 4 and 7 mg. %, 50 to 70% of which reacted 
dir tly in the van den Bergh reaction; a normal 


* ‘rofessor F. Roulet performed the examination of the liver 


bior » specimen. 
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urobilinogen excretion in the stools but an increased 
amount of urinary urobilinogen and bilirubinuria; 
a markedly impaired BSP test, apparently without 
gross deficiency of conjugation; a low normal 
hippuric acid test; a normal glucuronide formation 
in a N-acetyl-p-aminophenol loading test; no 
evident signs of hepatocellular damage (normal 
flocculation-tests, normal prothrombin, normal 
transaminase, etc.), and a liver biopsy showing no 
alterations. 

The absence of anaemia and increased erythro- 
poiesis, the normal amounts of urobilinogen in the 
stools and the considerable concentration of 
‘direct’ bilirubin in the serum indicate that the 
icterus is not haemolytic in origin. 

An incomplete biliary obstruction should lead to 
reduced faecal bile pigment. In addition, some 
signs of liver damage would be expected after an 
obstruction of this duration, but were not present 
in this patient. The results of the liver biopsy and 
the prompt filling of the gall bladder on cholecysto- 
graphy also rule out a biliary obstruction. 

Constitutional hepatic dysfunction (Gilbert’s 
disease) can be excluded on the basis of normal 
glucuronide formation, the occurrence of direct 
bilirubin in the serum, the bilirubinuria and the 
abnormal BSP retention. 

The case can be differentiated from chronic 
idiopathic jaundice (Dubin-Johnson; black liver 
jaundice) by the absence of the characteristic 
pigment in the liver cells and the filling of the gall 
bladder on oral cholecystography. The symptom 
of abdominal pain, so commonly found in the 
Dubin-Johnson disease, was also missing. It seems 
likely therefore that this girl belongs to the group of 
patients with non-haemolytic jaundice with con- 
jugated bilirubin in the serum, first described by 
Rotor et al. (1948), where no pigmentation is present 
in the liver cells. 

In contrast to the observations of Schiff et al. 
(1959) urinary urobilinogen excretion was increased 
in this patient. This corroborates Haverback and 
Wirtschafter (1960) who found high urinary 
urobilinogen levels in their two patients. Increased 
values of urinary bile pigment have also been found 
in chronic idiopathic jaundice with liver cell pig- 
mentation (Dubin, 1958). 

There is also some discrepancy with the findings 
of Schiff et al. (1959) with regard to the percentage 
of ‘bromsulphalein’ conjugates in the serum after 
BSP injection. They report 6% and 4% respectively 
at 45 and 90 minutes and we found 5-3% at 15 
minutes, 5-4% at 30, 17% at 120 and 26% at 
420 minutes. From this it would seem that the 
percentage of conjugates increases with time. 
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Perhaps, as with bilirubin, there is no deficiency 
of ‘bromsulphalein’ conjugation but mainly of 
secretion and this leads to the diminished removal 
rate from the plasma. 

Nothing is known about the nature of the defect 
in this syndrome. Because an insufficiency of 
bilirubin glucuronide formation has been ruled out 
by all investigators, an impairment in the hepatic 
excretion of bilirubin glucuronide and a diminished 
uptake of bilirubin by the hepatic cells has been 
postulated (Schiff et al., 1959). The familial 
occurrence makes it possible that the defect is a 
genetic error of metabolism. Males and females 
can be affected. The condition seems to be com- 
patible with normal life as evidenced by the 
stationary state of health of Rotor’s original patients 
(Rotor, 1960) more than 12 years after their initial 
examination. 

Summary 


A case of non-haemolytic, chronic jaundice in 
a girl, 7 years of age, is presented. The pertinent 
findings were onset of jaundice at 4 weeks of age, 
serum bilirubin levels between 4 and 7 mg. %, 
50 to 70% of which gave a direct reaction, normal 
urobilinogen excretion in the stools, but increased 
urinary urobilinogen and bilirubinuria, ‘brom- 
sulphalein’ retention of 50% after 30 minutes and 
low normal hippuric acid formation. The ability 
to conjugate with glucuronic acid in a N-acetyl-p- 
aminophenol loading test was normal. Oral 
cholecystography revealed a normal gall bladder. 
Other liver function tests were essentially normal. 
Liver biopsy showed a regular structure and appear- 
ance of the liver tissue without pigmentation. 
Chronic idiopathic jaundice (Dubin-Johnson syn- 
drome) could therefore be ruled out and the patient 
was classified as a case of jaundice of the type 
described by Rotor et al. (1948). 
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ARTERIOVENOUS ANEURYSM 
OF THE GREAT VEIN OF GALEN WITH HEART FAILURE 
IN THE NEONATAL PERIOD 


A. E. CLAIREAUX* and C. G. H. NEWMAN 


From the Institute of Obstetrics and Gynaecology, and the Institute of Child Health, 
University of London 


(RECEIVED FOR PUBLICATION MARCH 24, 1960) 


The great cerebral vein of Galen extends from the 
junction of the two internal cerebral veins under the 
splenium of the corpus callosum to the commence- 
ment of the straight sinus. Arteriovenous 
aneurysms of this vein are rare congenital anomalies 
and only 22 cases have been found in a review of the 
literature. 

Other types of cerebral arteriovenous aneurysms 
are not so unusual. Their true incidence has 
become more apparent following the widespread use 
of angiography. Mackenzie (1953) estimated their 
occurrence as 1% of all neurological admissions. 
By way of contrast Paterson and McKissock (1956) 
found no example of great cerebral vein aneurysm 
in 110 cases of cerebral arteriovenous aneurysm, 
and the same is true of the series reported by Olive- 
crona and Riives (1948), Mackenzie (1953) and 
Potter (1955). These vascular malformations are 
predominantly of two main types (Hamby, 1952). 
In the first type, there is a direct end-to-end con- 
nexion between an artery and vein, and in the second 
a network of poarly differentiated, non-capillary 
vessels intervenes between an artery and several 
ve ns, forming a mass of abnormal, dilated and 
to: ‘uous vessels which sometimes goes by the name 
of ‘angioma’ but is not generally considered to be 
ne plastic. In both types veins not directly in- 
ve ved in the malformation may become enlarged 
anil tortuous in response to the raised venous 
pr ssure. The great cerebral vein, however, only 
sh ws aneurysmal dilatation when there are one 
or nore abnormal arterial vessels opening into it, its 
im 1ediate tributaries or continuation. Other vas- 
cu ir malformations of the brain may coexist. 
Tt se abnormal arterial vessels have arisen, in the 
de: :ribed cases, from the posterior cerebral, pos- 
ter or communicating, callosal and superior cere- 


* "resent address: Queen Charlotte’s Hospital, London W.6. 


bellar arteries and from the choroid plexus of the 
third ventricle. 

Local and general effects may be exerted on the 
cardiovascular system as in other varieties of 
arteriovenous aneurysm. The general effects may 
be difficult to detect. They include a variable 
increase in pulse pressure, tachycardia, apical 
systolic murmur and evidence of some enlargement 
of the heart. The literature contains reports of 
two babies who died of heart failure associated with 
a cerebral arteriovenous aneurysm not involving 
the great cerebral vein (Silverman, Breckx, Craig 
and Nadas, 1955) (Table 2) and three cases asso- 
ciated with an arteriovenous aneurysm of that vein 
(Table 1, Cases 11, 13 and 14). One of these 
infants had coarctation of the aorta as well. 

The two cases reported here also died of heart 
failure associated with arteriovenous aneurysm 
of the great vein of Galen. 


Case Reports 


Case 1. S.F. was born September 15, 1959, by normal 
delivery at about 38 weeks’ gestation. The birth weight 
was 2,240 g. and the head circumference was 33 cm. 
Respiration was established immediately. 

Lower rib recession was noted 16 hours after birth 
and became more severe. The baby’s extremities 
became cyanosed, peripheral pulsations were poor, there 
was a soft systolic murmur and the liver became en- 
larged. The respiratory rate rose to 70 per minute. 
This picture of respiratory distress and early heart 
failure was complicated by the occurrence of head 
retraction and opisthotonus 30 hours after birth followed 
by twitching and frank fits. Fontanelle tension was 
normal. Blood calcium was normal. Blood glucose 
levels were persistently low, 23 and 15 mg. % in the first 
24 hours and never above 15 mg. % subsequently in 
spite of hourly glucose feeds. Lumbar puncture showed 
xanthochromic fluid under moderately increased pressure 
with 14,700 red and 75 white blood cells per cu. mm. 
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T 
24 CASES OF ARTERIOVENOUS G ‘EA 


Author Case No. Lesion and Arterial Supply Presenting Symptom: or Sig at On 
Steinheil (1895) 1 Left callosal artery; great and one small cerebral vein Convulsions; left hemiano ia hild 
dilated; sacculated aneurysm on pedicle on great 
cerebral vein. Associated right frontal vascular 
malformation 
Jaeger, Forbes and Dandy (1937) P Huge dilated great cerebral vein pressing on aque- Internal hydroceph.; epis axis, # mths 
Jaeger and Forbes (1946) duct; large branches off both post. cerebral 
arteries into small cerebral veins; further vascular \ 
malformations 
Russell and Nevin (1940) 3 Atresia of int. jugular veins. Left post. cerebral Prominent face and neck ° eins;;§ mths 
artery branch to great cerebral vein; serpentine motor development; « xoph 
mass of vessels cranial bruit 
Russell and Nevin (1940) 4 Sup. callosal art. and post. cerebral arteries, branches Hydrocephalus; distended scalp # mths 
to great cerebral vein; aneurysm compressed 
aqueduct 
Alpers and Forster (1945) $ Choroidal artery and post. cerebral arteries, branches Mental retardation CNS signs; § yrs 
to aneurysm of great cerebral vein hydrocephalus 
Oscherwitz and Davidoff (1947) 6 Tumour probably represented aneurysm of great vein Headaches yrs 
of Galen and branches of circle of Willis 
Lumsden (1947) 7 Aneurysm on upper surface of tentorium attached to Fits; intraventric. and subarach. mths 
near great vein of Galen at junction of inf. sagitt. rhage 
sinus and straight sinus; ? small artery from 
choroid plexus of 3rd ventricle 
Boldrey and Miller (1949) 8 Branches of post. cerebral artery to aneurysm of Hydrocephalus; dilated face, scalfR mths 
great cerebral vein; pulsatile mass of vessels behind pulsatile mass behind mastoid; 
right mastoid subarach. haemorrhage 
Boldrey and Miller (1949) 9 Post. communic. and post. cerebral arteries connected Swollen face, eye veins; fatiguabilf Birth 
to great cerebral vein (angiogram) 
Wolfe and France (1949) 10 ‘At baw one artery entered aneurysm of great vein Fits; CNS signs; int. hydrocephi§ yrs 
of Galen’ 
Pollock and Laslett (1953) 11 Post. cerebral and sup. cerebral arteries communic. Heart failure; large head Birth 
with aneurysm of great vein of Galen and sag. 
sinus; also vessels from int. cerebral veins, most of 
supply vessels appeared to be thrombosed 
Petit-Dutaillis, Guiot and Berdet (1953) 12 Branches of post. cerebral arteries to aneurysm of Hydrocephalus mths 
great vein of Galen 
Clément, Gerbeaux, Combes-Hamelle, 13 Feeding vessels to aneurysm of great cerebral vein Dyspnoea; increased musculi™? Birth 
Pertuiset and Petranca (1954) not identified; much thrombus dysphagia; cyanotic attacks {90 days 
Clément et al. (1954) 14 Post. cerebral arteries communicn with aneurysm of Failure to thrive; wasting; hyig? 3 wks 
great cerebral vein; also ‘very abnormal arterial dilated veins; cranial bruit; 
distribution’ 
Clément et al. (1954) 15 Personal communication on similar case No details nfancy 
French and Peyton (1954) 16 Anterior cerebral artery group communic. with great Large head; failure to thrive;—2 mths 
cerebral vein retardation 
French and Peyton (1954) 17 Abnormal mags of vessels on medial side. Right Sub-arach. haemorrhages ? 
cerebral hemisphere, communic. with great cerebral 
vein, ant. cailosal artery enlarged 
French and Peyton (1954) 18 Arteriovenous malformation near pineal with rapid Headache; slurred speech ? 
filling of great vein of Galen; abnormally large 
? left ant. cerebral artery 
French and Peyton (1954) 19 Branches of post. cerebral arteries into much dilated Headaches; subarach. haemorth ? 
great vein of Galen 
French and Peyton (1954) 20 Enlarged sup. great cerebral artery into large Headaches; photophobia; ? 
aneurysmal sac near pineal, draining into dilated lethargy ; subarach, haemorth 
great vein of Galen tal illness 
Hirano and Terry (1958) 21 Branches of post. cerebral arteries seemed to end Hydrocephalus, epistaxis, promg5 mth: 
blindly in wall of aneurysm of great cerebral vein pyrexia, ? cause 
Gibson, et al. (1959) 22 Branches of post. cerebral artery to aneurysm of great Hydrocephalus 6 mth 
cerebral vein, compressing aqueduct 
Claireaux and Newman (Case 1) 23 Arteriovenous aneurysm of both post. cerebral Heart failure, fits, opisthotonos {16 hrs 
arteries and great cerebral vein 
Claireaux and Newman (Case 2) 24 Arteriovenous aneurysm of right post. cerebral artery Neck retraction 4 hrs 


and great cerebral vein 


Nil 


et 
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EHE G ‘EAT CEREBRAL VEIN OF GALEN 
Sig at On: ot Age at Diagnosis Associated Cardiovascular Signs Surgery Outcome 
hild 49 yrs — — Died 
4 yrs Murmur and increased cardiac dullness after ’flu at Carotid ligation Died 
8 mths; bruit in neck at 27 mths, low blood pres- 
sure, anaemia; carotids dilated, also jugulars 
mths 17 mths —_— oo Died 
Ip # mths 17 mths None in life Decompression Died 
yrs 18 yrs — Craniotomy Died 
yrs 27 yrs Soft blowing systolic murmur Craniotomy Alive 
mths 7 mths —_— — Died 
mths 16 mths _- Carotid ligation; clipping of Alive 
feeding arteries 
Birth 15 yrs _— Carotid ligation Alive 
yrs 21 yrs — Torkildsen’s operation Died 
Birth 4 days Heart failure me Died 
mths 4 mths — — Alive 
? Birth 1 mth Heart failure _ Died 
days 
wks 7 mths Heart enlarged; coarctation of aorta 
Died 
nfancy — Died 
mths 21 mths Craniotomies; clipping of Alive 
feeding arteries 
? 12 yrs _— Clipping of feeding arteries Alive 
? 22 yrs — Clipping of feeding arteries Alive 
* 14 yrs Alive 
, ? 43 yrs _ Craniotomy Alive 
rong mth: 28 mths Died 
6 mth 43 yrs — Anastomosis of spinal theca Died 
to peritoneum 
105 #6 hrs 4 days Cyanosis, systolic murmur, neck pulsations, heart — Died 
failure 
4 hrs 16 days Cyanosis, systolic murmur, neck pulsations _ Died 


‘-Nil not mentioned 


| 
| 

| 
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TABLE 2 


HEART FAILURE ASSOCIATED WITH CEREBRAL ARTERIOVENOUS ANEURYSM NOT 
INVOLVING GREAT CEREBRAL VEIN OF GALEN 


: Presenting Age Age Associated | 
Author Case Lesion and Arterial Supply Symptoms at at Cardiovascular | Surgery | Outcome 
No. or Signs Onset Diagnosis Signs | 
Silverman 1 | Right cerebral hemisphere al- | Dyspnoea; 4 hrs 1 day Systolic murmur; right — Died 
et al. (1955) most replaced by massive cyanosis carotid thrill; car- 
vascular network penetrating diac enlargement and 
right frontal bone; _ right failure 


middle and post. cerebral 
arteries gave branches to com- 
municate with dilated sup. 
sagitt. sinus 


| 
Silverman 2 | Large cirsoid aneurysm between | Respiratory 
| 


et al. (1955) middle cerebral artery and distress; 
sigmoid sinus; large tortuous cyanosis; 
vascular channels shrill cry 


Died 
ous congestion; car- 
diac enlargement 


| 
30 hrs | 3 days | Systolic murmur; ven- 


| 


The cerebrospinal fluid glucose level was 30 mg. %. 
The opisthotonus improved markedly after the lumbar 
puncture but relapsed. The fits, some left sided, recurred. 
Neck pulsations became very vigorous. Venous con- 
gestion, further enlargement of the liver and peripheral 
oedema developed. Digitalization caused only a tran- 
sient and partial reversal of these signs. An electro- 
cardiogram showed digitalis effect and increased P 
waves and some evidence of left as well as of right 
ventricular enlargement. The baby died on the fourth 
day, in heart failure. Blood glucose levels had shown 
no sign of rising. 


ELECTROENCEPHALOGRAM. “The pattern of this record 
is that of a full term normal baby when awake and 
sleeping. There is perhaps a little more rhythmic 
activity at 15 c./sec. than usual but this may be accounted 
for by the prematurity. This activity is mostly seen 
when the baby is awake and is up to 25 uV in amplitude. 
When the baby is asleep there are repeated single or 
multiphasic sharp waves up to 250 wV in amplitude 
and up to duration 0-5 sec. These slow sharp waves 
are unilateral and occur simultaneously over all areas 
of the head and about equally on both sides’ (Dr. Ruth 
Harris). 


RapioLocy. Skull radiograph revealed no abnor- 
mality; chest radiograph showed only moderate cardiac 
enlargement. 


Necropsy. The body was that of a small male infant 
weighing 2,150 g. The dura mater and pia arachnoid 
were healthy. The brain (333 g.) was firm. The 
torcular Herophili was greatly enlarged and contained 
firm clot. Clot was also present in the superior and 
inferior longitudinal sinuses, the transverse sinuses and 
the jugular bulbs. The jugular veins appeared to be 
normal. At the base of the brain a large aneurysm 
was found. This was largely composed of a grossly 
distended great cerebral vein of Galen which com- 
municated anteriorly with both posterior cerebial 
arteries and posteriorly with the distended torcular 
(Fig. 1). The aneurysmal sac measured 2:2 x 1-5 cm. 
The arterial communication was complex. The basilar 


artery divided anterio1ly into the right and left posterior 
cerebral arteries in the usual manner. The right posterior 
cerebral artery then divided iminediately into four and 
these reunited after passing downwards and backwards 
for a distance of 3 cm. The thick vessel thus formed 
then subdivided again before uniting with the aneurysm 
(Fig. 2). The left posterior cerebral artery divided 
into three and the branches joined the anterior part of 
the aneurysm. The great cerebral vein after receiving 
the internal cerebral veins expanded into a thick-walled 
sac. This sac received both posterior cerebral arteries 
and these passed backwards to join the torcular Hero- 
phili. The aneurysm had a bulbous anterior portion, 
a narrow neck and a fusiform body. The cerebral 
veins were not distended. The lower portion of the 


x 


Fic. 1.—Case 1, brain; the inferior surface is exposed to show the 


aneurysm of the great cerebral vein and the abnormal communica- 
tions with the posterior cerebral arteries. 
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¢ queduct of Sylvius was of normal calibre and the fourth 
y2ntricle was not distended. The anterior surface of the 
c:rebellum was hollowed in the region of the aneurysm. 
the brain was congested. 

The pericardium was clear and glistening and there 
vas a moderate quantity of clear, yellow fluid in the 
yericardial sac. The heart was enlarged as a result of 
cilatation of the right atrium and right ventricle. Both 
cnambers contained a large amount of blood clot. The 
foramen ovale and ductus arteriosus were patent. The 
valves and great vessels had a normal appearance. 

The larynx, trachea and bronchi were healthy. The 
lungs were congested and some subpleural haemorrhages 
were present. On slicing a few haemorrhagic areas 
were noted. The stomach and bowel were healthy. 
The liver (52 g.) and spleen (5 g.) were not enlarged. 
The genito-urinary tract was healthy and the endocrine 
glands showed no abnormality. Supernumerary digits 
were present on the lateral border of each hand. There 
was a complete extra finger on the left hand and a rudi- 


mentary one on the right. The fifth toe of the right foot 
was bifid. 


HISTOLOGY. 


Lungs. The pleura was healthy. The lungs were 
congested but quite well expanded. Some patchy 
haemorrhage was present. In some areas the alveolar 
ducts and alveoli were flooded with red cells. The 
bronchi were healthy. There was no pneumonia. 


Aneurysm. A section was taken through the most 
dilated portion of the great cerebral vein. The lumen 
contained fibrin thrombus. The wall was quite thin 
and there was evidence of degeneration. No intima 
was recognized. 


Left Posterior Cerebral Artery. The lumen was 


FG, 2.—Case 1, brain; outline drawing to show (a) aneurysm of 
& eat cerebral vein, (6) right posterior cerebral artery with abnormal 
branching, (c) left posterior cerebral artery, (d) basilar artery. 


occluded by fresh thrombus which showed no evidence 
of organization. The vessel was distended as a result 
of the enclosed thrombus. The wall showed no degenera- 
tive change. 


Summary. Cerebral arteriovenous aneurysm; intra- 


pulmonary haemorrhage; supernumerary digits on each 
hand and bifid right fifth toe. 


Case 2. The mother, 23 years of age, para 0 had 
bilateral active tuberculosis and during pregnancy had 
to be treated for pyelonephritis resulting from infection 
with Escherichia coli. She went into labour at term and 
the infant was delivered spontaneously. The first stage 
of labour lasted 18 hours 30 minutes and the second stage 
30 minutes. There was a vertex presentation. 

The infant was a male and weighed 3,715 g. at birth. 
The head circumference was 32:5 cm. The infant’s 
condition was good and he cried immediately. There 
was no peripheral cyanosis but cardiac pulsation was 
noted to be vigorous and there was strong arterial 
pulsation in the neck. A systolic murmur was heard 
over the apex. On radiological examination the heart 
was seen to be enlarged. One week after birth cyanosis 
was observed and there was slight pitting oedema of the 
feet and legs. The pulse rate was 160 per minute and 
respirations 40 per minute. A diagnosis of congenital 
malformation of the heart was made. Further radio- 
logical examination on the 11th day showed an increase 
in the size of the heart. Cyanosis became more marked 
and neck retraction was noted. The infant’s condition 
steadily deteriorated and he died 16 days after 
delivery. 


Necropsy. The body was that of a well developed 
male infant and weighed 3,345 g. The sternum was 
prominent. The falx and tentorium were intact. The 
brain (400 g.) was very soft and markedly congested. 
The great cerebral vein was replaced by a large saccular 
aneurysm 4:5 cm. in length and 2 cm. in diameter. This 
aneurysm was attached to the junction of the falx with 
the tentorium. It communicated anteriorly with the 
right and left internal cerebral veins and with the right 
posterior cerebral artery. The cerebral veins were 
engorged but not thrombosed. There was slight dilata- 
tion of the lateral ventricles and of the third ventricle 
which contained clear cerebrospinal fluid. The aque- 
duct was patent and the fourth ventricle was of normal 
size. A small amount of subarachnoid haemorrhage 
was present over the cerebellum. On slicing the aneurys- 
mal dilatation of the great cerebral vein was found to 
contain organized thrombus. 

The pericardium was clear and glistening, there was a 
small quantity of clear, straw-coloured fluid in the peri- 
cardial sac. The heart was considerably enlarged, 
chiefly as a result of hypertrophy and dilatation of the 
right atrium and right ventricle. The interventricular 
septum was intact and very broad. Thick post-mortem 
clot was present in the right atrium. There was no 
structural abnormality of the heart valves or of the great 
vessels. The foramen ovale was closed. The ductus 
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Fic. 3.—Case 2, heart; right ventricle opened to show gross myo- 
cardial hypertrophy. 


arteriosus was narrowly patent. 
was normal (Fig. 3). 

The larynx, trachea and bronchi were healthy. The 
lungs were moderately well expanded and congested. 
Some patchy basal consolidation was found. 

The stomach and bowel showed no pathological 
change. The liver (149 g.) was enlarged and congested. 
The spleen (15 g.) was large and very congested. The 
genito-urinary tract was healthy. The endocrine glands 
showed no abnormality. 


HISTOLOGY. 

Lungs. The pleura was healthy. The lungs were 
congested and some haemorrhage had occurred into 
the alveoli. In sections from the lower lobes there 
were widespread areas of consolidation. Many alveoli 
and alveolar ducts contained a dense cellular exudate 
composed of polymorphonuclear leucocytes and histio- 
cytes. Some small bronchi contained a similar exudate. 
Immediately beyond the consolidated areas there was a 
zone of overdistension of alveoli and alveolar ducts. 
The appearance was that of a bronchopneumonia. 


Summary. Arteriovenous aneurysm of great cerebral 
vein; hypertrophy and dilatation of the heart, and 
terminal bronchopneumonia, 


The venous drainage 


Discussion 
Aneurysm of the great vein of Galen differs 
clinically from the more common types of cerebral 


arteriovenous aneurysm in the early onset of symp- 
toms and the apparently greater frequency of serious 
cardiovascular effect. Moreover, hydrocephalus i: 
a commonly associated feature probably as a resul: 
of pressure by the aneurysm on the aqueduct o. 
Sylvius. Hydrocephalus was not present in eithe: 
of our patients. This is probably the result of the 
comparatively short duration of any pressure 
effects. In both the brains we examined, th 
aqueduct was still widely patent although slightl: 
distorted. Similarly, we found no thickening o° 
the wall of the aneurysm and no evidence of muci- 
nous degeneration such as was reported by Russel! 
and Nevin (1940). This lack of degenerative change 
appears to indicate that the dilatation of the 
vein is not secondary to a degeneration of the vessei 
wall as these workers suggested. In some instances 
(Russell and Nevin (1940), Case 1) a genuine 
arteriovenous aneurysm and a vascular hamartoma 
are present together. In our Case 1 there was 
some very peculiar branching of each posterior 
cerebral artery before union with the great cerebral 
vein took place, but in neither case was there any 
evidence of a network of fine vessels which might 
be designated a hamartoma. 

In the 24 cases listed (Table 1) symptoms had 
commenced in infancy or childhood in two, at less 
than 6 months in 12, at 6 months to 1 year in three, 
at 1 to 10 years in two and in adult life in only 
one case. The date of onset was not stated in four 
cases who were diagnosed at 12, 14, 22 and 43 years 
respectively. In the more usual type of cerebral 
arteriovenous aneurysm or ‘angioma’ symptoms are 
more usually delayed until the second decade or 
later (Olivecrona and Riives, 1948; McKissock, 
1950; Mackenzie, 1953). Cases presenting in 
infancy or childhood are proportionately rare. 

In great cerebral vein aneurysms the symp- 
tomatology includes dilated face and scalp veins, 
proptosis, fits, headache, the effects of subarachnoid 
and intraventricular haemorrhage, mental retarda- 
tion, focal signs in the central nervous system and 
failure to thrive. General circulatory effects were 
noted in six of the 24 cases and heart failure appeared 
to be the primary cause of death in five of these. 
One had coexisting coarctation of the aorta. Hydro- 
cephalus developed in nine cases, two more having 
a ‘large head’. 

The course at first sight appears to be short. 
Death occurred under the age of 2 in nine, under 
the age of 5 in three and at 18, 21 and 49 years in 
a further three. Only one of seven cases reported 
before 1947 and before angiography was performed 
for diagnosis was alive at the time of reporting. 
This contrasts with eight of the remaining patient; 
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aid suggests that the prognosis may not really 
t2 so gloomy. Death was associated with internal 
hydrocephalus, fits, haemorrhage, craniotomy and 
heart failure. 

Diagnosis was made by angiography, at necropsy 
cr at operation. An intracranial bruit was not 
listened for in the two cases reported here and, when 
sought in other cases, has only sometimes been 
detected. The association of local or general 
cardiovascular abnormalities with a suspected 
intracranial lesion is characteristic of these mal- 
formations. The retinal veins appeared normal in 
the two cases described here. 

Treatment is medical and surgical. The former 
has little to offer. It cannot influence the aneurysm 
nor the shunt, and the treatment of associated hea-t 
failure has been quite unsuccessful. Surgery has 
had some successes. It was carried out in 10 cases. 
Carotid ligation, attempts to relieve hydrocephalus 
and simple craniotomy had poor results. Surviving 
patients had undergone the following procedures: 
Craniotomy only, two; carotid ligation, one; 
carotid ligation with subsequent clipping of arteries 
feeding the aneurysm, one; clipping of feeding 
arteries, three. French and Peyton (1954) consider 
the condition operable if the arterial supply to the 
aneurysm can be demonstrated by angiography. 
Occlusion of the feeding arteries (which appears 
to have taken place spontaneously in Case 21) 
may not influence associated hydrocephalus, but 
will probably prevent pressure effects from further 
enlargement. It must also reduce the likelihood of 
haemorrhage and should correct the effects of the 
shunt on the cerebral circulation and on the heart 
itself. The youngest patients in whom feeding 
arteries were clipped were both under 2 years of 
age. Both survived but neither had been in heart 
failure. It is doubtful whether any of the infants 
who died of this complication could have been 
saved, but it is just possible that carotid occlusion 
might have improved their circulatory status 
temporarily. 

The cardiovascular effects associated with arterio- 
venous aneurysms may be extensive. They have 
been reviewed by Lewis and Drury (1923), Holman 
((923, 1924), Reid (1925a, b), McGuire (1935) and 
P\tter (1955). Several authors had noted cardiac 
ejargement in cases of cerebral arteriovenous 
a eurysm, but Schmitt (1920) appears to be the 
fist to have stressed this feature. He wrote: 
‘tT ypertrophy of the left ventricle . . . is often found 
ir the more advanced stages of cerebral arterio- 
venous aneurysm’ and ‘the combination of brain 
dsorder with cardiovascular symptoms is very 
ir portant in the diagnosis of cerebral arteriovenous 


aneurysm’. He further mentions the dilatation of 
arteries to the head. In subsequent accounts the 
effects on the cardiovascular system are not always 
mentioned. Their incidence is therefore difficult 
to assess. Cushing and Bailey (1928) and Dandy 
(1928) found definite cardiac enlargement lacking in 
their cases even though it might have been expected 
in some on the grounds of size of aneurysm, loca- 
tion and duration of symptoms. Brock and Dyke 
(1932) found cardiac enlargement in four of five 
cases of cerebral arteriovenous ‘angioma’. Ray 
(1941) noted partly reversible cardiac enlargement 
in one of 16 cases. Shenkin, Spitz, Grant and Kety 
(1948) found it in two cases investigated to deter- 
mine the cerebral blood flow, which was much 
increased. Silverman ef al. (1955) record two 
infants who died in heart failure from this cause in 
the newborn period and Paterson and McKissock 
(1956) noted cardiac enlargement in nine of their 
series of 110 cases. Aneurysm of the great vein 
of Galen does not feature in these reports but 
enlargement has occurred in four reported cases, 
three of whom died in heart failure, as did the two 
additional babies reported here. The very marked 
effect on the cardiovascular system exerted by the 
arteriovenous shunt is indicated in Case 2 where 
there is enormous hypertrophy of the wall of the 
right ventricle which was three times the normal 
thickness for this stage of development. 

Hypoglycaemia has not been previously described 
in this context. It may have been coincidental, but 
the proximity of the aneurysm to the floor of the 
fourth ventricle is suggestive. 

The cases presented here and the review of the 
literature make it apparent that cerebral arterio- 
venous aneurysms may present with symptoms 
referable to the cardiovascular system. The pos- 
sibility of such lesions should be considered when a 
vigorous cardiac impulse and increased neck pulsa- 
tions are associated with signs of meningeal irritation 
or convulsions. Respiratory distress may mask 
these features in the newborn period. If it is pos- 
sible to confirm the diagnosis by angiography, 
surgery may offer a chance of successful treatment. 
Untreated, the patient may die in the newborn 
period from cardiac failure, or subsequently from the 
effects of hydrocephalus and haemorrhage. 


Summary 


Two cases of arteriovenous aneurysm of the 
great vein of Galen are reported. Both were infants 
who died in the newborn period of heart failure. 
Both exhibited neck rigidity in addition to cardio- 
vascular signs. One infant had persistent hypo- 
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THE SIGNIFICANCE OF INTIMAL THICKENING IN THE 
ARTERIES OF THE NEWBORN 


BY 


J. H. ROBERTSON 
From the Department of Pathology, University College Hospital, Ibadan, Nigeria 


(RECEIVED FOR PUBLICATION APRIL 25, 1960) 


From both Europe and North America there have 
been a number of reports describing the presence 
of cushion-like areas of intimal thickening and 
elastic reduplication in the arteries of foetuses and 
infants (Dock, 1946; Fangman and Hellwig, 1947; 
Levene, 1956; Robertson, 1960a). The  signi- 
ficance of these intimal cushions is uncertain. They 
are believed by some to be pathological in nature 
and the early lesions of atherosclerosis. Another 
view regards them as being a physiological adap- 
tation of the vessel wall to mechanical stress and 
as having little influence in dictating the later develop- 
ment of atherosclerosis. 

At Ibadan, coronary occlusion is rarely seen in 
the adult African and in the literature there are 
many reports indicating that atherosclerosis, cer- 
tainly of the aorta and coronary arteries, is much 
less severe and extensive in the African Bantu and 
Negro than in Europeans (Davies, 1948; Edington, 
1954; Hannah, 1958; and others). The present 
investigation sets out to determine whether intimal 
thickenings occur in the arteries of the African 
newborn and to compare their incidence with that 
found in European and North American subjects. 


Methods 
The popliteal artery of one leg was examined in 
52 newborn African infants, 32 of whom were male 
and 20 female. Their ages ranged from foetuses of 
30 weeks gestation to babies 2 weeks old. Most, 
however, were full-term stillbirths. In 30 of the 
cases, 19 male and 11 female, the proximal parts 
of the anterior descending and circumflex branches 
of the left coronary artery were also examined. 
From each vessel a small segment was taken and 
after fixation in formalin, paraffin sections were 
prepared and stained by haematoxylin and eosin 
and Weigert’s elastic tissue stain counter-stained 
by van Gieson. 
Findings 
In the newborn the intima of the muscular 


arteries consists of an elastic membrane, the interna! 
elastic lamina, which is covered by the endothelium. 
The circular muscle of the media surrounds the 
intima and is bounded on its outer aspect by the 
adventitia. Of the 52 popliteal arteries examined, 
42 (27 male and 15 female) showed areas in which 
there was a disturbance of this architecture. The 
pattern of this varied, but in most instances both 
the intima and media were affected to form a local 
cushion-like thickening of the wall. In the intima 
there occurred 2 reduplication of the internal elastic 
lamina so that several ccarse lamellae or sometimes 
numerous fine elastic filaments were formed between 
which smooth muscle cells could be seen (Fig. 1). 
In the underlying media bundles of longitudinally 
orientated muscle also contributed to the thickening 


Fic. 1.—Popliteal artery. Full term stillbirth. A  cushion-lile 
thickening of the wall is present over which there is reduplication «f 
the internal elastica. (Weigert x 150.) 
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Fic. 2.—High power field of the cushion illustrated in Fig. 1. A band 
of longitudinal muscle is present in the media beneath the split 
elastica. (H. and E. x 300.) 


Fic 3.—Popliteal artery. Full term stillbirth. A cushion showing 
ma xed reduplication of the internal elastica. The interstices of the 


ela ic mesh contain many longitudinally orientated muscle cells. 
(Weigert x 86.) 


of the wall (Fig. 2). These longitudinal muscle 
bu idles were the most conspicuous feature of many 
cu 1ions and in some instances they formed the 
wl le of the thickening, there being no reduplica- 
tic of the internal elastica. Both the size and 


complexity of the cushions varied widely, ranging 
from small nodes of longitudinal muscle in the 
media to the formation of large musculo-elastic 
mounds (Fig. 3). They occurred especially at the 
margins and opposite the mouths of branches, but 
were apparently not restricted to these sites, although 
serial sections would have been required to confirm 
this. 

The left coronary artery was examined in 30 
subjects and in 16 of these (11 male and five female) 
cushion-like thickenings of the wall similar to those 
of the popliteal artery were found. In the coronary 
vessels reduplication of the internal elastica tended 
to be more prominent than bundles of iongitudinal 
medial muscle in the formation of the cushions. 
Only very occasionally, however, did a thickening 
show no evidence of a medial component. In both 
the coronary and popliteal vessels the van Gieson 
stain revealed strands of fibrous tissue in some of 
the cushions. It was generally associated with the 
elastic fibrils of the irtima. In no instance was it 
present in large amount and many cushions showed 
no evidence of a fibrous component. 


Discussion 

Two views exist as to the significance of intimal 
thickenings in the vessels of the newborn. Fang- 
man and Hellwig (1947) and Levene (1956) con- 
sidered those in the coronary arteries to be patho- 
logical and the earliest lesions of atherosclerosis. 
Dock (1946) and Robertson (1960a) on the other 
hand, believed that they represented a response 
of the vessel wall to mechanical stress. In the 
coronary vessels Dock attributed this stress to the 
changing length to which these vessels had to adapt 
themselves during cardiac systole. Robertson, 
however, described similar thickenings in the pop- 
liteal and brachial arteries of the foetus and con- 
sidered that their function was to buffer a stress due 
to tugging at the margins of branches and other 
points of fixation of the vessel during its elongation 
with pulsation. It was believed that the presence 
of intimal cushions was of no significance in deter- 
mining the later development of atherosclerosis, 
although, if the disease did occur, it tended to 
localize in these regions of stress (Robertson, 
1960b). 

In the present study of newborn African subjects, 
cushion-like thickenings were found in the popliteal 
and coronary arteries of 81 and 53% of cases 
respectively. In both vessels the incidence was 
slightly higher in males than females. From these 
findings it appears that intimal thickenings 
occur just as frequently in the newborn of the 
African Negro as in those of the white races. Thus, 
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in a series of European foetuses, exactly similar 
structural changes were found in the popliteal 
artery of 76% of subjects (Robertson, 1960a) while, 
in North America, Fangman and Hellwig found 
coronary thickenings in 12 (40%) of 30 newborn 
infants, the incidence being higher in males than 
females. Despite the similar findings in the new- 
born of both races, most authors are agreed that 
atherosclerosis is less marked in the African Bantu 
and Negro than in Europeans. Higginson and 
Pepler (1954), for example, have found that only 
3% of African compared with 32% of Danish sub- 
jects of the fourth decade have severe coronary and 
aortic lesions. The results of the present study 
therefore support the view that the presence of 
intimal cushions in the vessels of the newborn 
plays little part in determining the later develop- 
ment of atherosclerosis. 


Summary 


The presence of areas of intimal thickening and 
elastic reduplication in the popliteal and coronary 
arteries of newborn African infants is described. 


ARCHIVES OF DISEASE IN CHILDHOOD 


Their incidence was found to be similar to that in 
the newborn of European and North Americin 
subjects. The significance of these thickenin zs 
in the pathogenesis of atherosclerosis is brie ly 
discussed. 


I wish to thank Professor G. M. Edington for itis 
advice and encouragement during the course of tliis 
work. 
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HISTIOCYTIC MEDULLARY RETICULOSIS IN A CHILD 


BY 


MALCOLM FOWLER 
From Adelaide Children’s Hospital, Adelaide, South Australia 


(RECEIVED FOR PUBLICATION MARCH 2, 1960) 


Scott and Robb-Smith (1939), using the name 
‘histiocytic medullary reticulosis’, reported four 
cases of a subacute illness characterized by fever, 
anaemia, leucopenia, jaundice and enlargement of 
the lymph nodes, spleen and liver. Microscopically 
there was a proliferation of phagocytes and giant 
cells in the reticulo-endothelial system, the affected 
tissues showing a tendency to undergo haemorrhage 
and necrosis. Marshall (1956a, b) described eight 
cases and referred to seven others reported in the 
literature since 1939. 

The disease has not been reported in children and 
it is for this reason that the following case is mainly 
of interest. (For a review of the literature and 
discussion of various aspects of the disease Marshall’s 
publications, 1956a, 1956b, should be consulted.) © 


Case Report 


The patient was admitted to the Adelaide Children’s 
Hospital on October 9, 1954, at the age of 4 years 
5 months with generalized enlargement of the lymph 
nodes. 

Her previous health had been good, apart from 
chickenpox and tonsillectomy, until three months before 
admission when a small lump in the right side of the 
neck had been noticed by her parents. A month before 
admission, because of a sudden increase in size of her 
neck, she was taken to a general practitioner who found 
rubbery enlargement of five or six lymph nodes in the 
right side of the neck. He could not feel the spleen at 
this time. Following treatment with antibiotics the 
nodes subsided considerably. Two days before admis- 
si n they enlarged again, accompanied by a fever with a 
te nperature of 102° F., tiredness and loss of appetite. 

In admission to hospital the cervical, axillary and 
ir suinal glands were all enlarged and the spleen was felt 
3 ingers’ breadth below the costal margin. The liver 
c.ild not be felt. Blood examination showed Hb 
\( g./100 ml., the red blood cells numbered 3,800,000 
pc ‘c.mm. and the white cells 8,800 per c.mm., 61 % being 
ne itrophils, 37% lymphocytes and 2% large lympho- 
cy es. No abnormality was seen in a radiograph of the 
ck st. A week after admission the Paul-Bunnell test 
ge 'e agglutination at a serum dilution of 1 in 32, rising 


to 1 in 64 three days later. Another blood examination 
on the day she left hospital, 11 days after her admission, 
showed Hb 12 g./100 ml., a white cell count of 14,800 
per c.mm. of which 45% were neutrophils, 35° lympho- 
cytes, 18% monocytes and 2% abnormal lymphocytes. 
Apart from two short bursts of fever, up to 100° F., her 
temperature was normal during her stay. On discharge 
from hospital her spleen could just be felt at the costal 
margin and the lymph nodes were much smaller. She 
was sent home to rest in bed, diagnosed as suffering from 
infectious mononucleosis. 

On November 11, 1954, she returned to hospital with 
enlargement of the cervical lymph nodes which had 
apparently occurred over a few hours. Some fever had 
been noted five days before. 

On examination she was pale and had very large 
fleshy lymph nodes in the right cervical region extending 
from behind the ear to the supraclavicular fossa. There 
was also enlargement of the nodes in the right axilla. 
The left cervical nodes were only slightly enlarged and 
no enlargement was felt in the inguinal regions. The 
spleen was enlarged to the level of the umbilicus but the 
liver could not be felt. The throat and middle ears were 
not inflamed. 

Blood examination scon after admission showed 
Hb 10 g./100 ml. and a white cell count of 8,200 per 
c.mm.; bone marrow smears were normal. Further 
blood examinations during her illness showed a pro- 
gressive fall in red and white cells and a later fall in 
platelets; Fig. 1 shows some of these changes. Reticulo- 
cytes never made up more than 2% except on one occa- 
sion when they reached 4% of the total red cell count. 
Four days after admission the lymph nodes were smaller 
but one from the right side of the neck was removed. 
Microscopical examination revealed that the general 
architecture of the node had been destroyed apart from 
some remaining cortical lymphoid follicles. In one part 
of the cortex was a wedge-shaped area of fibrosis con- 
taining scattered plasma cells. Elsewhere there was a 
mixed population of lymphocytes and plasma cells in an 
inconspicuous mesh of reticular cells, amongst which were 
scattered large, sometimes binucleated, mirror-imaged 
‘reticulum’ cells. Reticulin fibrils were increased. 

Fever began on November 22, the temperature remain- 
ing between 100° and 104° F., with rare falls to normal, 
until her death. No infective cause for this was found. 
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Fic. 1.—Haemoglobin and white count during final hospitalization. 


Blood cultures were negative and her serum did not 
agglutinate suspensions of Salmonella or Brucella 
organisms. In spite of the fever the lymph nodes and 
spleen began to subside on December 2, the spleen 
being just palpable by December 9, and the lymph 
nodes very small. A further aspirate of bone marrow 
on December 13, contained 27% monocyte-like forms, 
13% lymphocytes, 41% polymorphonuclear white cells 
(with no excess of blast forms), 18% normoblasts and 1% 
plasma cells. Many of the monocytic forms had in- 
gested red blood corpuscles, normoblasts, neutrophils 
and platelets (Fig. 2). A platelet count at this time was 
120,000 per c.mm. A mild jaundice was noticed on 
December 22, and this increased steadily. By January 10, 
1955, she was extremely wasted and deeply jaundiced; 
the lymph nodes had again enlarged to the size of marbles 
and the spleen and liver were easily felt. On January 13, 
a month since the last platelet count, the number had 
fallen to 14,000 per c.mm. and did not rise above this 
level again. At this time purpura and bruising appeared, 
followed by epistaxes and bleeding from injection sites. 
A direct Coombs test and a test of red cell fragility, 
both giving negative results, were not done until a few 
days before death, which occurred on January 21, 1955. 


Findings at Necropsy. The autopsy (A.C.H. No. 8/55) 
was performed 60 hours after death. The body was 
extremely emaciated, deeply jaundiced, with numerous 
petechial haemorrhages in the skin. The pleural and 
abdominal cavities contained clear orange effusions. The 
enlargement of the lymph nodes involved all groups, 


The numbered arrows indicate pints of transfused blood. 


the cervical and axillary glands being most affected and 
the lower abdominal and inguinal nodes least. The cut 
surfaces of the glands were firm, pink to brownish purple 
with ill-defined yellow areas of necrosis. A few nodes 
were uniformly yellowish. The greatly enlarged spleen 
weighed 260 g., the serosal and cut surfaces showing 
irregular shaped yellowish areas up to 0-5 cm. in diameter, 
scattered over a dark purple background. The liver was 
enlarged and pale fawn, weighing 670 g. The sternal 
marrow was pale. The lateral muscles of the right 
thigh were soft and greyish, the overlying subcutaneous 
tissue haemorrhagic and the skin vesiculated, these 
changes being considered due to haemorrhage and infec- 
tion at the site of injections. Both middle ears, but 
particularly the right, contained greenish pus from which 
a Proteus organism was isolated. Other organs showed 
no abnormalities apart from the effects of jaundice and 
anaemia. 

Microscopically, identical changes were found in the 
lymph nodes and spleen. The architecture of the organs 
was largely replaced by a loose-textured moderately 
cellular tissue in which there was much haemorrhage 
and coagulation necrosis. The necrotic areas, par- 
ticularly in the spleen, resembled small infarcts. The 
cellular areas consisted of a loose apparently syncytial 
proliferation of reticular cells, having oval vesicular 
nuclei and eosinophilic cytoplasm. Amongst this were 
typical macrophages which varied in number from place 
to place and many of which contained red cells and 
nuclear debris (Fig. 3). Another conspicuous but less 
numerous element was a giant cell having a large and 
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FiG. 2.—Bone marrow smear, showing a large phagocyte containing 
two red blood corpuscles, two normoblasts and platelets. 
(Giemsa x 750.) 


“3° 


t 
ay! 


‘1G. 4.—Lymph node, showing necrotic areas and densely staining 
giant cells. 
(H. and E. x 150.) 
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Fic. 3.—Lymph node, showing reticular arrangement of histiocytes. 
(H. and E. x 330.) 


Fic. 5.—Lymph node, showing the irregular-shaped hyperchromatic 
nuclei of the giant cells. 
(H. and E. x 330.) 
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hyperchromatic nucleus and a small amount of eosino- 
philic or occasionally basophilic cytoplasm (Fig. 4). 
The nucleus of the cell was commonly irregularly notched 
or folded, and if, as sometimes occurred, several nuclei 
were present these were closely packed together and 
unequal in size (Fig. 5). Transitions between these 
three main types of cell could be seen. Phagocytosis by 
the giant cells was not observed. Moderate numbers of 
mitotic figures were found, mostly in large cells. Mixed 
with this meshwork of histiocytic cells were small 
numbers of lymphocytes and many plasma cells and 
plasmablasts. A notable feature of the abnormal 
tissue was the large number of thin-walled blood vessels. 
In the lymph nodes the peripheral sinuses were usually 
preserved and contained many macrophages. In the 
spleen a few lymphoid follicles remained. 

The sternal marrow showed almost complete replace- 
ment by tissue similar to that in the spleen and lymph 
nodes, except that giant cells were rare. 

The liver had undergone a moderate degree of fatty 
change and congestion, and in addition contained 
occasional small haemorrhagic and necrotic foci of 
histiocytes and giant cells. Similar groups of tumour 
cells were found in the suprarenal cortex. Phagocytosis 
of red cells by Kupffer cells was present throughout 
the liver. 

Other organs contained no significant changes. Perl’s 
stain for iron revealed much haemosiderin in the spleen 
and Kupffer cells, but very little in the lymph nodes. 
Reticulin fibrils were increased in the lymph nodes. 


Discussion 


The clinical and pathological findings in this 
case conform in every way to the previous descrip- 
tions of the disease, except for the age of the patient. 
It is not proposed here to discuss the relation of this 
condition to other reticuloses; the pathological 
findings in the reticulo-endothelial organs are, 
however, quite singular. Nevertheless, the histo- 
logical changes in the cervical lymph gland of the 
present case were considered by several pathologists 
to be typical of classical Hodgkin’s disease, appear- 
ances which were to be completely replaced by the 
time of death two months later. 
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The relapsing nature of the illness also calls for 
attention, indicating that the course of the disease 
cannot be fully explained by neoplastic prolifera- 
tion. The sudden enlargement of the spleen aiid 
lymph nodes may have been partly due to vascular 
engorgement rather than cellular proliferation 
alone. The equally sudden return of these orga 1s 
to relatively normal size is hard to explain on other 
grounds. 

The preliminary diagnosis of infectious mono- 
nucleosis could not be maintained, particularly s 
the Paul-Bunnell tests were performed with no.- 
absorbed sera. 

The rapid fall of the haemoglobin level following 
transfusions (see Fig. 1) suggested that the anaemia 
was due not solely to replacement of the bone 
marrow and this was confirmed pathologically 
by the discovery of widespread erythrophagocytosis 
and haemorrhage. 


Summary 


A girl of 44 years presented with enlargement of 
the cervical lymph nodes and spleen, followed by 
anaemia, leucopenia, fever and enlargement of the 
liver. Jaundice, thrombocytopenia and a bleeding 
tendency appeared terminally. 

A lymph node removed during life showed appear- 
ances typical of Hodgkin’s disease but at death the 
reticulo-endothelial system was replaced by a 
proliferation of phagocytic histiocytes and giant 
cells. 


I am grateful to Dr. Malcolm Cockburn for the use 
of the case record and to the Board of the Adelaide 
Children’s Hospital for permission to publish the 
material. Thanks are due to Mr. Ray Boyd for the 
preparation of the illustrations. 
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DEFICIENCY OF VITAMIN B, 
AFTER EXTENSIVE RESECTION OF THE DISTAL SMALL 
INTESTINE IN AN INFANT 


A. C. L. CLARK and C. C. BOOTH 


From The Hospital for Sick Children, Great Ormond Street, and Department of Medicine, 
Postgraduate Medical School of London 


(RECEIVED FOR PUBLICATION MARCH 2, 1960) 


Man may survive resection of surprisingly large 
amounts of the small intestine. As little as 7 in. of 
jejunum and ileum may be sufficient to support life, 
atleast for a time (Jackson, Linder and Berman, 1951), 
and a large number of patients have survived less 
extensive resections and have remained well (Flint, 
1912; Haymond, 1935; West, Montague and Judy, 
1938; Althausen, Uyeyama and Simpson, 1949). 
These observations have been made in adults and 
the results of extensive resections in children during 
the growing period are less certain. Such opera- 
tions are infrequently carried out and there is a high 
immediate postoperative mortality (Benson and 
Sharpe, 1950). Children may, however, survive 
resection of large amounts of the small intestine 
(Blayney, 1901; Flint, 1912), and two infants have 
recently been recorded whose growth and develop- 
ment were normal after resection of all but 26 to 
28 cm. of jejunum and ileum (Pilling and Cresson, 
1957). 

The purpose of this paper is to describe a child 
who had an extensive resection of the distal small 
intestine soon after birth. She later developed 
a mild megaloblastic anaemia associated with severe 
Ex2 deficiency and required treatment with vitamin 
Fiz. Her growth and development have been 
ctherwise normal up to the age of 24 years. 


Materials and Methods 


Haematological methods were those described by 
I acie (1956); serum vitamin B,, levels were measured 
ty microbiological assay using the Z strain of Euglena 
£-acilis, according to the method described by Hutner, 
iach and Ross (1956); glucose tolerance tests were 
c:rried out as described by King and Wootton (1956). 

Fat balances were carried out over a continuous nine- 
cay period. The child was given a diet containing 
@ proximately 30 g. of fat daily. After a preliminary 
teriod of three days, the stools were collected over 
S ‘ccessive three-day periods and the fat content was 


estimated by the method of Van de Kamer, Huinink and 
Weyers (1949). 

Absorption of radioactive vitamin B,. was measured 
by the modified faecal excretion technique described by 
Booth and Mollin (1956). The test dose of vitamin B,, 
was | ug. and was given with 50 mg. of a potent intrinsic 
factor concentrate. 


Case Report 


V.R., a female infant, was born at term on March 31, 
1957, after a normal pregnancy (birth weight 7 Ib. 5 oz.). 
Soon afterwards she developed signs of intestinal obstruc- 
tion and was admitted to West Herts Hospital under the 
care of Dr. M. E. Edmunds. Laparotomy was per- 
formed on the 20th day of life and revealed congenital 
malrotation of the gut with volvulus and extensive 
gangrene of the small intestine. Approximately four- 
fifths of the distal small intestine were thought to have 
been removed, end-to-side anastomosis being performed 
between the jejunal stump and the mid-transverse colon. 
The terminal ileum was closed just proximal to the ileo- 
caecal valve. After an initial period of severe vomiting 
and diarrhoea, she recovered from the operation, 
breast feeding was established and she gained weight. 

At the age of 3 months she attended The Hospital 
for Sick Children, Great Ormond Street. At this time 
she was passing two to five bulky fluid stools daily. 
She weighed 9 Ib. 4 oz., and apart from some abdominal 
distension, no abnormality was found on examination. 
She continued with breast feeding and supplements of 
vitamins A, C and D by mouth. By the age of 6 months 
her weight (15 Ib.) was above the 10th percentile level. 
Although she continued to have diarrhoea, her weight 
increased at a normal rate until she was 10 months old, 
when she weighed 19 lb. (Fig. 1). During the 11th 
month, however, there was a gradual diminution in the 
frequency of her stools; she began to vomit after her 
feeds and she lost weight. She was then admitted to 
The Hospital for Sick Children at the age of 11 months 
under the care of Dr. P. R. Evans. 


Clinical Examination. This revealed a thin child 
(weight 16 lb. 10 oz.) with generalized abdominal 
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Fic. 1.—Weight chart of patient V.R. after extensive resection of the 

distal small intestine. Vitamin Bj. was given parenterally after the 

thirteenth month. The lines representing the 10th and 90th 
percentile are also shown (Tanner, 1958). 


distension. No peristalsis was visible. There was no 
glossitis nor angular stomatitis. The skin was normal 
and the central nervous system showed no abnormalities. 


Investigations. These revealed Hb 12:1 g. % and 
R.B.C. 4-0 M. per c.mm.; serum electrolytes: Na 140, 
K 4-2, Cl 102 and HCO, 26 mEq,./litre. Stool cultures 
were repeatedly negative for pathogenic organisms. 
Plain radiographs of abdomen showed gross gaseous 
distension with fluid levels in both colon and small 
intestine. 


Treatment and Progress. She was first given oral 
neomycin (20 mg./Ilb. body weight in divided doses), 
but withovt improvement in her condition. The 
vomiting, periods of constipation and the radiological 
evidence of fluid levels in the bowel suggested a diagnosis 
of subacute intestinal obstruction. A further laparotomy 
was therefore performed on March 19, 1958, but although 
the whole of the large bowel and the jejunum immediately 
proximal to the anastomosis appeared dilated, no 
organic obstruction was found. The remaining small 
intestine consisted of the duodenum and approximately 
30 in. of jejunum, the end of the jejunum being anas- 
tomosed to the middle of the transverse colon, thereby 
short circuiting the caecum, ascending colon and proxi- 
mal half of the transverse colon. Nothing further was 
done and the abdomen was closed. 

Her condition continued to deteriorate after this 
operation. Her weight fell steadily (Fig. 1), vomiting 
continued intermittently and her stools were bulky and 
irregular. However, barium meal showed the small 
intestine to be normal, the barium passing into the colon 
in one and a half hours. A barium enema outlined the 


dilated colon but some of the barium remained for five 
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Fic. 2.—Serum By» concentration, body weight, red cells and reticulo- 
cytes before and after treatment with vitamin Bj9. 


days in the short-circuited ascending colon and caecum, 
indicating stasis in this loop. 

By May 1958, at the age of 13 months, her weight 
had fallen to 15 lb. (Figs. 1 and 2). Haematological 
investigations now revealed a mild macrocytic anaemia 
(Hb 11-0 g. %; R.B.C. 3-7 M. per c.mm.) and the 
bone marrow was megaloblastic. Her serum B,, con- 
centration was 25 uug. per ml. (normal range 140 to 
900 uug. per ml.). Intestinal function tests were carried 
out at this time and are shown in Fig. 3. Her absorption 
of glucose was normal but she had steatorrhoea (mean 
fat absorption 82% on diet of 30 g. per day) and she 
was unable to absorb any of the test dose of vitamin 
B,. (Fig. 3). 


Response to Vitamin B,,. She was treated with intra- 
muscular injections of vitamin B,, (100 wg. daily for 
nine days, then 100 wg. every two weeks). Her initial 
response to this treatment is shown in Fig. 2. Vomiting 
ceased within 24 hours of the first injection and her 
weight began to increase. Her reticulocytes rose to 

% on the sixth day and the marrow became normo- 
blastic. Although her red cell count fell at first, possibly 
as a result of rehydration, it then rose to normal levels 
without other treatment (Fig. 2). 

Further investigations revealed no evidence of other 
deficiencies. Her total serum proteins were 7:0 g. %, 
serum Ca 8-8 mg. %, inorganic phosphate 5-6 mg. °%, 
and alkaline phosphatase 24 King-Armstrong units. 
Skeletal radiographs revealed no evidence of rickets. 
Prothrombin time was normal. Intestinal functicn 
studies were repeated after oral chlortetracycline (20 mg./ 
lb. in divided doses for six days). There was no improve- 
ment in absorption of either fat or B,, following this 
treatment (Fig. 3). 
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Fic. 3.—Intestinal function tests before and after chlortetracycline 
{aureomycin) and after refashioning of the jejuno-colic anastomosis. 
The figures for fat absorption represent the mean absorption per day 
over successive three-day periods. Normal fat absorption should 
be greater than 90%. The lower limit of the absorption of radio- 
active By by control subjects is indicated by the interrupted line. 


Her weight increased steadily, although her stools 
were unchanged, and she weighed 19 Ib. after two 
months’ treatment with vitamin B,, (Fig. 2). A further 
laparotomy was performed on July 30, 1958 (Mr. G. H. 
Macnab). The jejuno-transverse anastomosis was un- 
done, and an end-to-end anastomosis was made to the 
caecum. During this procedure many adhesions around 
the jejunum were broken down. The jejunum appeared 
slightly hypertrophied immediately proximal to the 
anastomosis, but the remaining small bowel was of 


normal calibre. A biopsy taken from the lower end- 


of the jejunum showed normal mucosa, but some 
hypertrophy of the muscle coats. 

She recovered well from this procedure and continued 
to improve, although a fat balance revealed more marked 
steatorrhoea than before the operation (mean fat 
absorption 52% on diet of 30 g. per day). Her glucose 
absorption remained normal, but she was still unable 
to absorb vitamin B,, (Fig. 3). 

After this operation she received a diet usual for her 
age with restriction of fat to 30 g. per day, together with 
oral supplements of vitamins A (7,000 units daily), 
B (Becosym 1 dram daily) and D (1,000 units daily). 
She was also given vitamin B,, intramuscularly (100 yg. 
eve'y two weeks). Her subsequent progress is shown 
in} ig. 1. By 20 months her weight was above the 10th 
per entile and her development has continued normally. 
No vy, at the age of 23 years, she weighs 28-5 lb., a normal 
wei tht for herage. Her Hb is 10-9 g. % and she remains 
wel , although she still passes three bulky stools daily. 


Discussion 
Estimations of the amount of small intestine 
ren aining after resection are notoriously inaccurate 
(Fli it, 1912). At our patient’s first operation, it 


was considered that four-fifths of the small intestine 
hac been removed. The remaining intestine was 


measured at a later laparotomy and was found to 
consist of approximately 30 in. of jejunum. The 
exact length of the small intestine in an infant is 
not certain and the proportion of the bowel remain- 
ing in this patient is therefore not known, but in 
this case 30 in. may possibly represent between a 
quarter and a third of the total small intestine. 

The type of malabsorption from which she 
suffered was characteristic of an extensive resection 
of the distal small intestine (Booth, 1958). Since 
some of her proximal intestine remained, she ab- 
sorbed glucose normally, for glucose is rapidly 
absorbed from the upper small intestine (Verzar and 
MacDougall, 1936). Her remaining intestine was 
apparently only sufficient to absorb between 52 and 
82% of her dietary fat and she therefore had 
steatorrhoea, suggesting that fat is normally 
absorbed more distally than glucose in the small 
intestine. Her inability to absorb vitamin Bj is in 
keeping with the resection of the distal small 
intestine, for Bo is absorbed in the ileum in man 
(Booth and Mollin, 1959). 

Stagnant loops of bowel may sometimes play a 
part in causing malabsorption (Cameron, Watson 
and Witts, 1949; McIntyre, Sachs, Krevans and 
Conley, 1956; Halsted, Lewis and Gasster, 1956), 
but do not appear to have been a factor in this case. 
In patients with such loops, malabsorption is 
frequently improved by a course of oral broad 
spectrum antibiotics (Mollin and Baker, 1955; 
McIntyre et al., 1956; Halsted et al., 1956; Booth 
and Mollin, 1957) or by operations which remove 
or correct the loop (McIntyre et al., 1956). Our 
patient’s absorption defects were not improved by 
antibiotics, nor by the removal of the short circuit 
at her last operation, and it seems unlikely that the 
short-circuited area of colon contributed to her 
malabsorption. The reason for her deterioration 
in fat absorption after this operation is uncertain, 
but it may be that the breaking down of adhesions 
around the lower jejunum resulted in more rapid 
passage of food through the remaining small 
intestine. 

For the first 10 months of life her growth was 
normal, suggesting that she was able to absorb 
or derive from tissue stores sufficient nutrients to 
maintain normal development during this time. 
Since she was unable to absorb vitamin Byjpo, it is 
not surprising that she ultimately developed Bj» 
deficiency. The delay in onset of this deficiency 
was presumably due to the time required to exhaust 
the stores of vitamin Bj, in liver and other tissues, 
a situation which is analogous to the delayed develop- 
ment of Bio deficiency after total gastrectomy 
(Pitney and Beard, 1955). The symptoms and 
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signs in our patient were different from those 
usually found in adult patients with Addisonian 
pernicious anaemia. She had vomiting, constipa- 
tion and signs suggestive of intestinal obstruction, 
and she lost weight steadily. There were no neuro- 
logical signs suggesting subacute combined degenera- 
tion of the cord or peripheral neuritis. Despite her 
very low serum Bj, level, she was not markedly 
anaemic, her red cells never falling below 3-0 M. 
per c.mm., although her sternal marrow was megalo- 
blastic. 


Her full and complete response to parenteral 
injections of vitamin B,> suggests that although she 
had marked steatorrhoea, the only deficiency state 
she had developed was Bio deficiency. This 
observation is supported by the absence of hypo- 
proteinaemia, her normal prothrombin time and 
the lack of evidence of rickets. Since she has 
continued to grow normally whilst receiving only 
vitamin B,> parenterally, she appears to be absorbing 
the other nutrient factors required for growth and 
development. These factors, including the vitamins 
other than Bj, must therefore be absorbed in the 
proximal small intestine or colon. 


It is not certain whether there is any compen- 
satory improvement in intestinal function in children 
after extensive resections, although adults may show 
a progressive increase in absorptive capacity 
following such operations (Althausen, Doig, 
Uyeyama and Weiden, 1950). It is said that the 
mucosa and muscle of the remaining gut typically 
hypertrophies (Flint, 1912; Jackson, 1958), but 
this does not always occur (Shonyo and Jackson, 
1950; Shelton and Blaine, 1954) and in animals 
the site of the resection may play a part in deter- 
mining whether there is hypertrophy of the remain- 
ing small bowel (Booth, Evans, Menzies and Street, 
1959). In our patient, the barium follow-through 
showed no evidence of hypertrophy of the small 
intestine, but at laparotomy the lower jejunum was 
found to be hypertrophied. It is uncertain whether 
this was due to partial obstruction by the many 
adhesions found in this area at her last operation, 
or whether there has been hypertrophy which was 
compensatory to the loss of intestinal length. It 
seems unlikely that she will recover the ability to 
absorb vitamin Bj). and treatment with vitamin B,> 
by injection is to be continued indefinitely. 

The observations in this patient illustrate the 
importance of the distal intestine in the absorption 
of vitamin B,.. They also support the conclusion 
that patients who have undergone resection of the 
ileum should either be kept under close haemato- 
logical supervision or be treated with prophylactic 
injections of vitamin Bo. 
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Summary 


Extensive resection of the distal small intestii e 
was performed in a child soon after birth. Hir 
growth was normal until she was 10 months od 
when she began to vomit and lose weight. /.t 
the age of 13 months she was found to have a mid 
megaloblastic anaemia and her serum Bj» conceil- 
tration was very low. She improved dramatical y 
after treatment with parenteral B,, and her growth 
and development have been normal to the age of 
24 years. 


We wish to thank Dr. P. R. Evans and Mr. G. H. 
Macnab for permission to record details of this patient 
who was under their care in The Hospital for Sick 
Children, Great Ormond Street; we are also indebted 
to Dr. D. L. Mollin for his encouragement and advice, 
and for permission to quote the results of vitamin B,, 
studies carried out in his laboratory at the Postgraduate 
Medical School. 
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CHRONIC NON-HAEMOLYTIC JAUNDICE WITH 
CONJUGATED BILIRUBIN IN THE SERUM AND NORMA... 
LIVER HISTOLOGY: A CASE STUDY 


MARKUS F. VEST, HERBERT J. KAUFMANN and ELVIRA FRITZ 
From the Children’s Hospital, University of Basel, Basel, Switzerland 


(RECEIVED FOR PUBLICATION MARCH 4, 1960) 


Recently our knowledge of bilirubin metabolism 
has increased considerably. Perhaps the most 
stimulating discovery has been that bilirubin is 
excreted in the bile as a glucuronide (Billing, Cole 
and Lathe, 1957; Schmid, 1957). This has made 
it possible to classify some rare types of chronic 
jaundice more definitely. One of these, chronic 
non-haemolytic familial jaundice, was described 
many years ago by Gilbert and Lereboullet (1901). 
Arias and London (1957) concluded from in vitro 
experiments with liver tissue that the cause of this 
disease was a defect in glucuronide formation. 
The inability to form glucuronides is also present 
in the much more severe type of inherited chronic 
jaundice with kernikterus described by Crigler and 
Najjar (1952) (cf. Axelrod, Schmid and Ham- 
maker, 1957). 

Neonatal jaundice also belongs to this group, 
characterized by insufficiency of glucuronyl-trans- 
ferase in the liver (Dutton, 1959), but, in contrast 
to the diseases mentioned above, is a passing 
phenomenon, present only in the newborn period 
(Vest, 1958; Vest and Streiff, 1959). 

There is another group of chronic non-obstructive, 
non-haemolytic jaundice in which no such defect 
in glucuronide formation is present. In consequence 
a substantial percentage of ‘direct’ reacting bile 
pigment is found in the serum, and bilirubin spills 
over into the urine. This group includes the form 
named chronic idiopathic jaundice (Dubin and 
Johnson, 1954), which is conspicuous by the presence 
of a pigment similar to lipofuscin in the liver cells 
(cf. Dubin, 1958). Clinical symptoms are fluc- 
tuating jaundice, episodes of abdominal pain, 
nausea, vomiting, enlarged liver and dark urine. 
Bromsulphalein retention is greatly increased. 

A few reports have appeared on a syndrome 
similar to the Dubin-Johnson syndrome, where the 
characteristic pigment was missing on examination 
of the liver tissue (Rotor, Manahan and Florentin, 


1948; Schiff, Billing and Oikawa, 1959; Haverback 
and Wirtschafter, 1960). There are some other 
small differences in symptomatology from the Dubin- 
Johnson syndrome. Most important of these are the 
absence of attacks of abdominal pain and the fact 
that the gall bladder can be easily seen on oral 
cholecystography. Only six patients with this 
syndrome have been described in the literature so 
far, to our knowledge. This makes it difficult to 
decide if the observed differences are constant 
features of this disturbance of bile pigment meta- 
bolism or if they are a variation of the pigmented 
type of chronic idiopathic jaundice. 

The patient described here seems to belong to the 
non-pigmented group and is presented in the hope 
of further clarifying the picture of this pigmentless 
type of chronic non-haemolytic jaundice without 
insufficiency of glucuronide formation. 


Case Report 


W.M., a 7-year-old girl, born in 1952, is the only 
child of a family from southern Switzerland. The 
family history gives no indication of liver or blood 
disease; the pregnancy was normal and the child’s 
birth weight was 3,270 g. At the age of 4 weeks the 
mother observed a yellow tinge in the skin and this 
slightly icteric appearance has persisted. It is visible 
especially in the sclerae, but at times it increases in 
strength to an overt jaundice. When this happens the 
child is tired and anorrhexic, but there is no abdominal 
pain. Sometimes during these attacks the stools are 
paler than normal and the urine is dark. After a few 
days these symptoms subside. At the age of 13 months 
and 16 months the girl was seen by a paediatrician who 
found no abnormalities apart from icteric sclerae. Liver 
and spleen were not enlarged, Hb was 67% and 76% 
respectively. At the age of 28 months the patient was 
admitted to our hospital because of persistent jaundice. 


First Admission. On admission skin and _ sclerae 
were icteric. The liver was palpable one finger-breacth 
below the costal margin; the spleen was not enlarg:d. 
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} aematological studies showed no abnormalities with 
tie exception of a slightly higher proportion of smaller 
cells than normal in the Price-Jones curve. Several 
times the fragility to hypotonic saline solutions was a 
little increased, total haemolysis occurring at from 0-49 
to 0-51%. These features were not persistent, however, 
and on other occasions normal values were observed. 
The direct Coombs test and indirect antiglobulin tests 
for antibodies were negative. Serum bilirubin level was 
high and varied between 7-2 and 4:2 mg. % with a 
moderate to strong direct van den Bergh reaction. 
Urobilinogen level in the urine was also high, but 
surprisingly no bilirubin could be detected in the urine 
with the method used at that time. 

Extra-hepatic obstruction was thought unlikely from 
the benign course and from the normal aspect of the 
faeces. Also, on duodenal aspiration, normal enzyme 
activity (trypsin, diastase and lipase) was present in the 
duodenal secretion and A, B and C bile of normal 
appearance and in normal amounts could be aspirated. 
Other laboratory findings are shown in Table 1. 

Because of the slightly increased red cell fragility and 
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TABLE 2 
LIVER FUNCTION TESTS 
Investigations 1955 1960 
Serum bilirubin (mg. %) 4-2-7-2 3-7-5-0 
Direct + 2°2-3°5 
Cholesterol (mg. 177 
7% 
Serum iron (ug. %) .. ee 54-86 116 
Blood sugar (mg. %) . oa 93 
Serum alkaline phosphatase a 12 
Takata-Ara (+) + 
Cadmium reaction trace 
Thymol turbidity, units 
Transaminase: 
SGOT, units . 29 
SGPT, units .. 12 
Galactose tolerance .. normal orma’ 
‘Bromsulphalein’ retention .. _ 51% and 48 
Hippuric acid test low no 
NAPA-test for glucuronide 
formation .. normal 
Urine: 
Urobilinogen increased 4-9 mg./24 hrs 
Bilirubin 0-62 mg./24 hrs 
Coproporphyrin trace 
Duodenal fluid: 
Trypsin normal normal 
Diastase normal normal 
Lipase normal normal 


spherocytosis a mild form of hereditary spherocytic 
anaemia was assumed at that time, despite the rather high 
bilirubin concentration in the serum and the fact that no 
abnormalities were found in the parents. 


Second Admission. In 1959, at the age of 73 years, 
the patient was readmitted for further studies because of 
her persistent slight jaundice with occasional exacer- 
bation. On admission the height was 120 cm. and body 
weight 23-7 kg. There was a reddening of the throat 
and a throat culture produced haemolytic streptococci. 
The antistreptolysin titre was 1:320. Otherwise physical 
examination was negative, except for the icteric sclerae. 
Liver and spleen could be felt at the costal margin. 


TABLE 1 
LABORATORY FINDINGS 


Investigations 1955 1959 
Haemoglobin 87% 90% 
Red cells millions/mm. 3 xis 4-36 4-26 
Colour index .. 1-0 1-07 
Anisocytosis .. slight slight 
Leucocytes permm.® .. 7,300 9,150 

Neutrophils stab 7°5 
Neutrophils segmented 22:5 55 
Neutrophils eosinophil 0-5 
Neutrophils — 
Monocytes me 12-0 5-0 
Plasma cells .. 0-5 
R ticulocytes 1- 


3 
Pi :telets 286,000 81,000—160,000 
H .ematocrit 43 
R tio of red cells to white cells 


in bone marrow .. --| _ 26/100 12/100 

P: ce-Jones curve .| slight shift to left normal 
notic fragility: 

veginning of haemolysis ..| 0°45 to 0-53% 0-49% 

otal haemolysis ..| 0°39 to 0-41% 0°35% 
D Coombs test .. negative negative 
In lirect antiglobulin test od negative 
A to-antibodies negative 

ssermann reaction .. fa negative 
P:>othrombin .. 80-100% 40-100% 
Cc agulation time 5 min. 3 min. 
Bi eding time (sec.) .. 45 90 


BLoop FInp1inGs._ The red cell count was 4: 26 million, 
Hb 89% and colour index 1:07. Some anisocytosis was 
discernible. Reticulocytes 1-3%; white cell count 
9,150 per c.mm. The differential count and additional 
haematological data are listed in Table 1. 


LiveR FUNCTION (Table 2). Takata-Ara reaction was 
one plus; cadmium, a trace; thymol-turbidity 2-3 units; 
total serum protein 5-35 and 6-7 g. %. Paper electro- 
phoresis revealed albumin 48%, «,-globulin 5-8%, 
a 11:6%, B 13°-4%, and y-globulin 21-2%. The 
increase in y-globulin was probably produced by the 
existing throat infection. Serum transaminase glutamic 
oxalacetic, 29 units; glutamic pyruvic, 12 units; serum 
alkaline phosphatase, 12 units; cholesterol, 177 mg. %; 
cholesterol esters, 72%. The prothrombin activity was 
40% on admission, but afterwards, on repeated deter- 
minations, was always normal. 

Serum bilirubin determination (methods of Jendrassik 
and Grdf, 1938; Malloy and Evelyn, 1937) gave 
values between 5-0 and 4-1 mg. % for total bilirubin, 
the direct reacting pigment being 3-5 to 2:2 mg. %. 
Paper chromatography of the serum by the method of 
Schmid (1957) showed two bands of azoderivatives with 
an Rf of 0-46 and 0-58. 


Urine. Urines generally were rather dark in colour. 
Urobilinogen excretion (average of two 24-hour collec- 
tions) amounted to 4-86 mg. per day and therefore was 
greatly increased (method of Schwartz, Sborov and 
Watson, 1944). As expected from the increased amount 
of ‘direct’ reacting bile pigment in the serum, some 
bilirubin was excreted in the urine (0-62 mg. per 24 
hours) (method of With, 1942). Only a trace of porphy- 
rin was found and a qualitative test for melanin was 
negative. Amino-nitrogen excretion was normal (31 mg. 
per 24 hours) and the amino-N-coefficient was 1-7. 
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Stoots. The stools were of normal colour. The 
faecal urobilinogen excretion (average of two 24-hour 
collections) was 32:25 mg. per day, a value that is normal 
for this age group (method used for estimation, 
Schwartz et al., 1944). The total bile pigment excretion 
(stools and urine) in 24 hours amounted to 37-1 mg. 
The haemolytic index (calculating a blood volume of 
1,900 ml.) was 15. This normal value excluded an 
accelerated red cell destruction. The ratio of faecal 
to urinary urobilinogen was very low, 6:6:1 (the normal 
is about 100:1), showing that a much larger amount of 
urobilinogen was excreted by the kidneys than is normal. 


‘BROMSULPHALEIN’ TEsT. After intravenous injection 
of a dose of 5 mg. of ‘bromsulphalein’ (BSP) per kg. 
body weight, the retention in the blood 30 minutes later 
was 51%. On repetition of the test five weeks later, 
it was 48% (normal at this age 0-1:5%). The dye was 
detectable in the duodenal aspirate 45 minutes after the 
injection, whereas it normally appears within the first 
15 minutes. The peak concentration of 66 mg. % in 
the duodenal fluid was reached after 70 minutes and 
two hours after the injection the concentration was still 
higher than 50 mg. %. Because of the difficulties in 
recording duodenal fluid volume it is not possible to give 
figures for absolute amounts excreted. In the urine 
14-6% of the injected dose of BSP (125 mg.) was excreted 
in the first two hours after administration; the following 
portions contained progressively smaller amounts, but 
even 18 hours later the BSP concentration was still 
1-9 mg. %. The results of the test are shown in Fig. 1. 
In addition chromatography of BSP metabolites in the 
serum 15, 30, 120 and 420 minutes after injection by the 
method of Carbone, Grodsky and Hijelte (1959) gave 
values of 5-3%, 5°4%, 17% and 26% respectively for 
BSP conjugates. This indicates an increase in the 
percentage of conjugated BSP concurring with a decrease 
in free BSP. In the bile, apart from free BSP, up to 
three BSP-conjugated were present, with Rf-values of 
0:64, 0:57 and 0-40. From these findings an impairment 
of ‘bromsulphalein’ excretion is evident which seems to 
be caused not so much by a deficiency of conjugation 
as of secretion. 


Hippuric Acip Test. After intravenous injection of 
1-5 g. benzoic acid the patient excreted 0-59 g. hippuric 
acid in the urine within the following one-hour period. 
In our experience this can be considered as a low normal 
result in a child of this age. Glycine conjugating ability 
seems not to be impaired to a great extent. 


GLUCURONIDE FORMATION. N-acetyl-p-aminophenol 
(NAPA) was used as a substance to test the ability of the 
patient to form glucuronides. After oral or intravenous 
administration this substance is conjugated at the 
hydroxyl-group and excreted as glucuronide and sulphate 
in the urine. In adults the recovery within 24 hours is 
about 70 to 80% of the dose administered. Estimation 
of free NAPA in the serum and urine (Brodie and Axel- 
rod, 1948) before and after hydrolysis with £-glucuroni- 
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Fic. 1.—Bromsulphalein test; Upper part, concentration of ‘brom- 
sulphalein’ in the serum after injection of BSP 5 mg. per kg. body 
weight, retention after 30 minutes, 51%; Middle part, amount of 
BSP excreted in the urine in four two-hour periods and concentration 
of BSP in the urine at various intervals after injection; Lower part, 
time of appearance and concentration of BSP in the duodenal fluid. 


dase makes it possible to calculate the amount of NAPA 
conjugated with glucuronic acid (Vest and Streiff, 1959). 
Fig. 2 shows the results obtained with this test after 
intravenous injection of 240 mg. of N-acetyl-p-amino- 
phenol. Retention in the serum was 7:6% after six 
hours (normal values are less than 10%). The curve 
showing the concentration of NAPA-glucuronide at 
various time intervals also takes a normal course. The 
girl excreted in the urine 72-7% of the dose injected 
within 24 hours. Of this 10-8% was in the free form, 
45% conjugated with glucuronic acid and the rest with 
sulphate. Fig. 2 also shows the increase of glucuronic 
acid in the serum, which occurred after administration 
of NAPA. On the other hand this load did not influence 
the level of the serum bilirubin. The excretion of 
glucuronic acid (estimated by the method of Dische, 
1947) in the urine amounted to 57 mg. per 12 hovrs 
during a control period. After the injection of te 
NAPA it rose to 177 mg. in the first 12-hour period and 
to 107 mg. in the second. These findings show that 
glucuronide formation is not deficient in this patient. 
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| glucuronic acid 
6 total bilirubin 
24 
T T T T 
20; 2 3 4 5 6 
8 - —— total p-aminophenol 
Free N-acetyl - p-amino- 
phenol 
-aminophenol - 
E plucuronide 
= 12 
104 
$4 
64 
44 
a’ 


Hours after injection 


Fic. 2.—Test for the ability of the liver to form glucuronides; Upper 
part, concentration of glucuronic acid and total bilirubin in the 
serum at various times after injection of N-acetyl-p-aminophenol in 
a dose of 10 mg. per kg. body weight; Lower part, concentration of 
total p-aminophenol, free N-acetyl-p-aminophenol and p-amino- 


phenol-glucuronide in the serum after the NAPA load. 


RADIOGRAPHIC EXAMINATION. An oral cholecysto- 
graphy with four tablets of iopanoic acid (Cistobil 
‘Cilag’) showed a well-filled gall bladder shadow. After 


_ ingestion of egg-yolk a contraction of the vesicle was 


clearly visible. 


“IVER Biopsy. A liver biopsy was performed, using 
a Menghini needle (Menghini, 1958). Histological 


_ ex .mination* revealed normal liver tissue with an un- 


al ered lobular hepatic structure. There was no increase 
in connective tissue in the portal tracts. The small bile 
d ctules were not dilated and there were no bile thrombi 
ir the bile capillaries. Glycogen was present in the 
li sr cells in normal amounts. No abnormal pigmen- 
te .on was seen either in the liver or in the Kupffer cells. 


Discussion 
this patient presented the following symptoms: 
chronic jaundice with a serum bilirubin level 
ween 4 and 7 mg. %, 50 to 70% of which reacted 
ectly in the van den Bergh reaction; a normal 


or 


Professor F. Roulet performed the examination of the liver 
osy specimen. 


urobilinogen excretion in the stools but an increased 
amount of urinary urobilinogen and bilirubinuria; 
a markedly impaired BSP test, apparently without 
gross deficiency of conjugation; a low normal 
hippuric acid test; a normal glucuronide formation 
in a N-acetyl-p-aminophenol loading test; no 
evident signs of hepatocellular damage (normal 
flocculation-tests, normal prothrombin, normal 
transaminase, etc.), and a liver biopsy showing no 
alterations. 

The absence of anaemia and increased erythro- 

poiesis, the normal amounts of urobilinogen in the 
stools and the considerable concentration of 
‘direct’ bilirubin in the serum indicate that the 
icterus is not haemolytic in origin. 
' An incomplete biliary obstruction should lead to 
reduced faecal bile pigment. In addition, some 
signs of liver damage would be expected after an 
obstruction of this duration, but were not present 
in this patient. The results of the liver biopsy and 
the prompt filling of the gall bladder on cholecysto- 
graphy also rule out a biliary obstruction. 

Constitutional hepatic dysfunction (Gilbert’s 
disease) can be excluded on the basis of normal 
glucuronide formation, the occurrence of direct 
bilirubin in the serum, the bilirubinuria and the 
abnormal BSP retention. 

The case can be differentiated from chronic 
idiopathic jaundice (Dubin-Johnson; black liver 
jaundice) by the absence of the characteristic 
pigment in the liver cells and the filling of the gall 
bladder on oral cholecystography. The symptom 
of abdominal pain, so commonly found in the 
Dubin-Johnson disease, was also missing. It seems 
likely therefore that this girl belongs to the group of 
patients with non-haemolytic jaundice with con- 
jugated bilirubin in the serum, first described by 
Rotor et al. (1948), where no pigmentation is present 
in the liver cells. 


In contrast to the observations of Schiff et al. 
(1959) urinary urobilinogen excretion was increased 
in this patient. This corroborates Haverback and 
Wirtschafter (1960) who found high urinary 
urobilinogen levels in their two patients. Increased 
values of urinary bile pigment have also been found 
in chronic idiopathic jaundice with liver cell pig- 
mentation (Dubin, 1958). 

There is also some discrepancy with the findings 
of Schiff et al. (1959) with regard to the percentage 
of ‘bromsulphalein’ conjugates in the serum after 
BSP injection. They report 6% and 4% respectively 
at 45 and 90 minutes and we found 5:3% at 15 
minutes, 5-4% at 30, 17% at 120 and 26% at 
420 minutes. From this it would seem that the 
percentage of conjugates increases with time. 
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Perhaps, as with bilirubin, there is no deficiency 
of ‘bromsulphalein’ conjugation but mainly of 
secretion and this leads to the diminished removal 
rate from the plasma. 

Nothing is known about the nature of the defect 
in this syndrome. Because an insufficiency of 
bilirubin glucuronide formation has been ruled out 
by all investigators, an impairment in the hepatic 
excretion of bilirubin glucuronide and a diminished 
uptake of bilirubin by the hepatic cells has been 
postulated (Schiff et al., 1959). The familial 
occurrence makes it possible that the defect is a 
genetic error of metabolism. Males and females 
can be affected. The condition seems to be com- 
patible with normal life as evidenced by the 
stationary state of health of Rotor’s original patients 
(Rotor, 1960) more than 12 years after their initial 
examination. 

Summary 


A case of non-haemolytic, chronic jaundice in 
a girl, 7 years of age, is presented. The pertinent 
findings were onset of jaundice at 4 weeks of age, 
serum bilirubin levels between 4 and 7 mg. %, 
50 to 70% of which gave a direct reaction, normal 
urobilinogen excretion in the stools, but increased 
urinary urobilinogen and bilirubinuria, ‘brom- 
sulphalein’ retention of 50% after 30 minutes and 
low normal hippuric acid formation. The ability 
to conjugate with glucuronic acid in a N-acetyl-p- 
aminophenol loading test was normal. Oral 
cholecystography revealed a normal gall bladder. 
Other liver function tests were essentially normal. 
Liver biopsy showed a regular structure and appear- 
ance of the liver tissue without pigmentation. 
Chronic idiopathic jaundice (Dubin-Johnson syn- 
drome) could therefore be ruled out and the patient 
was classified as a case of jaundice of the type 
described by Rotor et al. (1948). 
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ARTERIOVENOUS ANEURYSM 
OF THE GREAT VEIN OF GALEN WITH HEART FAILURE 


IN THE NEONATAL PERIOD 
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From the Institute of Obstetrics and Gynaecology, and the Institute of Child Health, 
University of London 
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The great cerebral vein of Galen extends from the 
junction of the two internal cerebral veins under the 
splenium of the corpus callosum to the commence- 
ment of the straight sinus. Arteriovenous 
aneurysms of this vein are rare congenital anomalies 
and only 22 cases have been found in a review of the 
literature. 

Other types of cerebral arteriovenous aneurysms 
are not so unusual. Their true incidence has 
become more apparent following the widespread use 
of angiography. Mackenzie (1953) estimated their 
occurrence as 1% of all neurological admissions. 
By way of contrast Paterson and McKissock (1956) 
found no example of great cerebral vein aneurysm 
in 110 cases of cerebral arteriovenous aneurysm, 
and the same is true of the series reported by Olive- 
crona and Riives (1948), Mackenzie (1953) and 
Potter (1955). These vascular malformations are 
predominantly of two main types (Hamby, 1952). 
In the first type, there is a direct end-to-end con- 
nexion between an artery and vein, and in the second 
a network of poorly differentiated, non-capillary 
vessels intervenes between an artery and several 
ve ns, forming a mass of abnormal, dilated and 
to tuous vessels which sometimes goes by the name 
of ‘angioma’ but is not generally considered to be 
ne plastic. In both types veins not directly in- 
vc ved in the malformation may become enlarged 
ani tortuous in response to the raised venous 
pr ssure. The great cerebral vein, however, only 
sh ws aneurysmal dilatation when there are one 
or more abnormal arterial vessels opening into it, its 
ix nediate tributaries or continuation. Other vas- 
cuar malformations of the brain may coexist. 
TI sse abnormal arterial vessels have arisen, in the 
de cribed cases, from the posterior cerebral, pos- 
tel or communicating, callosal and superior cere- 


* Present address: Queen Charlotte’s Hospital, London W.6. 


bellar arteries and from the choroid plexus of the 
third ventricle. 

Local and general effects may be exerted on the 
cardiovascular system as in other varieties of 
arteriovenous aneurysm. The general effects may 
be difficult to detect. They include a variable 
increase in pulse pressure, tachycardia, apical 
systolic murmur and evidence of some enlargement 
of the heart. The literature contains reports of 
two babies who died of heart failure associated with 
a cerebral arteriovenous aneurysm not involving 
the great cerebral vein (Silverman, Breckx, Craig 
and Nadas, 1955) (Table 2) and three cases asso- 
ciated with an arteriovenous aneurysm of that vein 
(Table 1, Cases 11, 13 and 14). One of these 
infants had coarctation of the aorta as well. 

The two cases reported here also died of heart 
failure associated with arteriovenous aneurysm 
of the great vein of Galen. 


Case Reports 


Case 1. S.F. was born September 15, 1959, by normal 
delivery at about 38 weeks’ gestation. The birth weight 
was 2,240 g. and the head circumference was 33 cm. 
Respiration was established immediately. 

Lower rib recession was noted 16 hours after birth 
and became more severe. The baby’s extremities 
became cyanosed, peripheral pulsations were poor, there 
was a soft systolic murmur and the liver became en- 
larged. The respiratory rate rose to 70 per minute. 
This picture of respitatory distress and early heart 
failure was complicated by the occurrence of head 
retraction and opisthotonus 30 hours after birth followed 
by twitching and frank fits. Fontanelle tension was 
normal. Blood calcium was normal. Blood glucose 
levels were persistently low, 23 and 15 mg. % in the first 
24 hours and never above 15 mg. % subsequently in 
spite of hourly glucose feeds. Lumbar puncture showed 
xanthochromic fluid under moderately increased pressure 
with 14,700 red and 75 white blood cells per cu. mm. 


605 


| 
J 


ARCHIVES OF DISEASE IN CHILDHOOD 


24 CASES OF ARTERIOVENOUS ANEBE GR 


Author 


Case No. 


Lesion and Arterial Supply 


Presenting Symptoms or Sift Ons¢ 


Steinheil (1895) 


Jaeger, Forbes and Dandy (1937) 
Jaeger and Forbes (1946) 


Russell and Nevin (1940) 


Russell and Nevin (1940) 


Alpers and Forster (1945) 
Oscherwitz and Davidoff (1947) 


Lumsden (1947) 


Boldrey and Miller (1949) 


Boldrey and Miller (1949) 
Wolfe and France (1949) 


Pollock and Laslett (1953) 


1 


Petit-Dutaillis, Guiot and Berdet (1953) 12 


Clément, Gerbeaux, Combes-Hamelle, 13 


Pertuiset and Petranca (1954) 
Clément et al. (1954) 


Clément et al. (1954) 
French and Peyton (1954) 


French and Peyton (1954) 


French and Peyton (1954) 


French and Peyton (1954) 


French and Peyton (1954) 


Hirano and Terry (1958) 
Gibson, et al. (1959) 
Claireaux and Newman (Case 1) 


Claireaux and Newman (Case 2) 


19 


20 


21 


22 


23 


24 


Left callosal artery; great and one small cerebral vein 
dilated; sacculated aneurysm on pedicle on great 
cerebral vein. Associated right frontal vascular 
malformation 


Huge dilated great cerebral vein pressing on aque- 
duct; large branches off both post. cerebral 
arteries into small cerebral veins; further vascular 
malformations 


Atresia of int. jugular veins. Left post. cerebral 
artery branch to great cerebral vein; serpentine 
mass of vessels 


Sup. callosal art. and post. cerebral arteries, branches 
to great cerebral vein; aneurysm compressed 
aqueduct . 


Choroidal artery and post. cerebral arteries, branches 
to aneurysm of great cerebral vein 


Tumour probably represented aneurysm of great vein 
of Galen and branches of circle of Willis 


Aneurysm on upper surface of tentorium attached to 
near great vein of Galen at junction of inf. sagitt. 
sinus and straight sinus; ? small artery from 
choroid plexus of 3rd ventricle 


Branches of post. cerebral -artery to aneurysm of 
great cerebral vein; pulsatile mass of vessels behind 
right mastoid 


Post. communic. and post. cerebral arteries connected 
to great cerebral vein (angiogram) 


‘At least one artery entered aneurysm of great vein 
of Galen’ 


Post. cerebral and sup. cerebral arteries communic. 
with aneurysm of great vein of Galen and sag. 
sinus; also vessels from int. cerebral veins, most of 
supply vessels appeared to be thrombosed 


Branches of post. cerebral arteries to aneurysm of 
great vein of Galen 


Feeding vessels to aneurysm of great cerebral vein 
not identified; much thrombus 


Post. cerebral arteries communicn with aneurysm of 
great cerebral vein; also ‘very abnormal arterial 
distribution’ 


Personal communication on similar case 


Anterior cerebral artery group communic. with great 
cerebral vein 


Abnormal mass of vessels on medial side. Right 
cerebral hemisphere, communic. with great cerebral 
vein, ant. callosal artery enlarged 


Arteriovenous malformation near pineal with rapid 
filling of great vein of Galen; abnormally large 
? left ant. cerebral artery 


Branches of post. cerebral arteries into much dilated 
great vein of Galen 


Enlarged sup. great cerebral artery into large 
aneurysmal sac near pineal, draining into dilated 
great vein of Galen 


Branches of post. cerebral arteries seemed to end 
blindly in wall of aneurysm of great cerebral vein 


Branches of post. cerebral artery to aneurysm of great 
cerebral vein, compressing aqueduct 


Arteriovenous aneurysm of both post. cerebral 
arteries and great cerebral vein 


Arteriovenous aneurysm of right post. cerebral artery 
and great cerebral vein 


Convulsions; left hemiano; ia 


Internal hydroceph.; epistaxis, 


Prominent face and neck * ins: mths 
motor development; 
cranial bruit 


Hydrocephalus; distended scalp{ mths 


Mental retardation CNS signs;f yrs 
hydrocephalus 


Headaches yrs 


Fits; intraventric. and subarach. 


mths 
rhage 


Hydrocephalus; dilated face, sc 
pulsatile mass behind mastoid; 
subarach. haemorrhage 


mths 


Swollen face, eye veins; fatiguabi 
Fits; CNS signs; int. hydrocep 


Heart failure; large head 


Hydrocephalus mths 

Dyspnoea; increased mus Birtk 
dysphagia; cyanotic attacks #) days 

Failure to thrive; wasting; hyq@3 wk 
dilated veins; cranial bruit; 

No details nfanc 

Large head; failure to thrive mth 
retardation 

Sub-arach. haemorrhages ? 

Headache; slurred speech , 


Headaches; subarach. haemori@® ? 


Headaches; photophobia; § ? 
lethargy ; subarach. haemort 
tal illness 


Hydrocephalus, epistaxis, mt 
pyrexia, ? cause 


Hydrocephalus 6 mt 
Heart failure, fits, opisthctonos 16 hr: 
Neck retraction 4 hr: 


606 
| 
— 
15 
| 
—N 


ARTERIOVENOUS ANEURYSM OF GREAT VEIN OF GALEN 607 
| 
JS A FE GREAT CEREBRAL VEIN OF GALEN 
Ms or Siffjt Onset Age at Diagnosis Associated Cardiovascular Signs Surgery Outcome 
nor ia 49 yrs Died 
Dist axis, fi mths 4 yrs Murmur and increased cardiac dullness after flu at Carotid ligation Died 
8 mths; bruit in neck at 27 mths, low blood pres- 
sure, anaemia; carotids dilated, also jugulars 
k mths 17 mths Died 
€ <ophf 
2d .calpf mths 17 mths None in life Decompression Died 
signs;B yrs 18 yrs Craniotomy Died 
yrs 27 yrs Soft blowing systolic murmur Craniotomy Alive 
tbarach.@ mths 7 mths Died 
mths 16 mths a Carotid ligation; clipping of Alive 
eeding arteries 
fatiguabilfBirth 15 yrs _ Carotid ligation Alive 
yrs 21 yrs _— Torkildsen’s operation Died 
Birth 4 days Heart failure _ Died 
mths 4 mths Alive 
Birth 1 mth Heart failure — Died 
days 
3 wks 7 mths Heart enlarged; coarctation of aorta _ , 
Died 
infancy — — Died 
mths 21 mths — Craniotomies; clipping of Alive 
feeding arteries 
S , ? 12 yrs* — Clipping of feeding arteries Alive 
h ? 22 yrs — Clipping of feeding arteries Alive 
bia; ? 43 yrs Craniotomy Alive 
emorth 
is, proms mth 28 mths Died 
6 mth 43 yrs _ Anastomosis of spinal theca Died 
to peritoneum 
hotonos M6 hrs 4 days Cyanosis, systolic murmur, neck pulsations, heart — Died 
failure 
4 hrs 16 days Cyanosis, systolic murmur, neck pulsations _— Died 


‘—Ni. not mentioned 
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TABLE 2 


HEART FAILURE ASSOCIATED WITH CEREBRAL ARTERIOVENOUS ANEURYSM NOT 
INVOLVING GREAT CEREBRAL VEIN OF GALEN 


Presenting Age Age Associated 
Author Case Lesion and Arterial Supply Symptoms at at Cardiovascular | Surgery | Outcome 
No. or Signs Onset Diagnosis Signs | 
Silverman 1 Right cerebral hemisphere al- | Dyspnoea; 4 hrs | 1 day Systolic murmur; right — Died 
et al. (1955) most replaced by massive cyanosis carotid thrill; car- 
vascular network penetrating | diac enlargement and 
right frontal bone; _ right | failure 
middle and post. cerebral | 
arteries gave branches to com- 
municate with dilated sup. 
sagitt. sinus 
Silverman z Large cirsoid aneurysm between | Respiratory 30 hrs 3 days Systolic murmur; ven- _ Died 
et al. (1955) | middle cerebral artery and distress; | ous congestion; car- 
sigmoid sinus; large tortuous cyanosis; diac enlargement 
| vascular channels shrill cry | | 


The cerebrospinal fluid glucose level was 30 mg. %. 
The opisthotonus improved markedly after the lumbar 
puncture but relapsed. The fits, some left sided, recurred. 
Neck pulsations became very vigorous. Venous con- 
gestion, further enlargement of the liver and peripheral 
oedema developed. Digitalization caused only a tran- 
sient and partial reversal of these signs. An electro- 
cardiogram showed digitalis effect and increased P 
waves and some evidence of left as well as of right 
ventricular enlargement. The baby died on the fourth 
day, in heart failure. Blood glucose levels had shown 
no sign of rising. 


ELECTROENCEPHALOGRAM. “The pattern of this record 
is that of a full term normal baby when awake and 
sleeping. There is perhaps a little more rhythmic 
activity at 15 c./sec. than usual but this may be accounted 
for by the prematurity. This activity is mostly seen 
when the baby is awake and is up to 25 uV in amplitude. 
When the baby is asleep there are repeated single or 
multiphasic sharp waves up to 250 uV in amplitude 
and up to duration 0-5 sec. These slow sharp waves 
are unilateral and occur simultaneously over all areas 
of the head and about equally on both sides’ (Dr. Ruth 
Harris). 


RapioLtoGcy. Skull radiograph revealed no abnor- 
mality; chest radiograph showed only moderate cardiac 
enlargement. 


Necropsy. The body was that of a small male infant 
weighing 2,150 g. The dura mater and pia arachnoid 
were healthy. The brain (333 g.) was firm. The 
torcular Herophili was greatly enlarged and contained 
firm clot. Clot was also present in the superior and 
inferior longitudinal sinuses, the transverse sinuses and 
the jugular bulbs. The jugular veins appeared to be 
normal. At the base of the brain a large aneurysm 
was found. This was largely composed of a grossly 
distended great cerebral vein of Galen which com- 
municated anteriorly with both posterior cerebial 
arteries and posteriorly with the distended torcular 
(Fig. 1). The aneurysmal sac measured 2:2 x 1°5 cm. 
The arterial communication was complex. The basilar 


artery divided anterio1ly into the right and left posterior 
cerebral arteries in the usual manner. The right posterior 
cerebral artery then divided immediately into four and 
these reunited after passing downwards and backwards 
for a distance of 3 cm. The thick vessel thus formed 
then subdivided again before uniting with the aneurysm 
(Fig. 2). The left posterior cerebral artery divided 
into three and the branches joined the anterior part of 
the aneurysm. The great cerebral vein after receiving 
the internal cerebral veins expanded into a thick-walled 
sac. This sac received both posterior cerebral arteries 
and these passed backwards to join the torcular Hero- 
phili. The aneurysm had a bulbous anterior portion, 
a narrow neck and a fusiform body. The cerebral 
veins were not distended. The lower portion of the 


Fic. 1.—Case 1, brain; the inferior surface is exposed to show the 
aneurysm of the great cerebral vein and the abnormal communica- 
tions with the posterior cerebral arteries. 
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«.queduct of Sylvius was of normal calibre and the fourth 
entricle was not distended. The anterior surface of the 
cerebellum was hollowed in the region of the aneurysm. 
‘fhe brain was congested. 

The pericardium was clear and glistening and there 
was a moderate quantity of clear, yellow fluid in the 


oericardial sac. The heart was enlarged as a result of 
dilatation of the right atrium and right ventricle. Both 
chambers contained a large amount of blood clot. The 
foramen ovale and ductus arteriosus were patent. The 
valves and great vessels had a normal appearance. 

The larynx, trachea and bronchi were healthy. The 
lungs were congested and some subpleural haemorrhages 
were present. On slicing a few haemorrhagic areas 
were noted. The stomach and bowel were healthy. 
The liver (52 g.) and spleen (5 g.) were not enlarged. 
The genito-urinary tract was healthy and the endocrine 
glands showed no abnormality. Supernumerary digits 
were present on the lateral border of each hand. There 
was a complete extra finger on the left hand and a rudi- 


mentary one on the right. The fifth toe of the right foot 
was bifid. 


HISTOLOGY. 


Lungs. The pleura was healthy. The lungs were 
congested but quite well expanded. Some patchy 
haemorrhage was present. In some areas the alveolar 
ducts and alveoli were flooded with red cells. The 
bronchi were healthy. There was no pneumonia. 


Aneurysm. A section was taken through the most 
dilated portion of the great cerebral vein. The lumen 
contained fibrin thrombus. The wall was quite thin 
and there was evidence of degeneration. No intima 
was recognized. 


Left Posterior Cerebral Artery. The lumen was 


Isc, 2.—Case 1, brain; outline drawing to show (a) aneurysm of 
£ eat cerebral vein, (6) right posterior cerebral artery with abnormal 
branching, (c) left posterior cerebral artery, (d) basilar artery. 


occluded by fresh thrombus which showed no evidence 
of organization. The vessel was distended as a result 
ofthe enclosed thrombus. The wall showed no degenera- 
tive change. 


SumMary. Cerebral arteriovenous aneurysm; intra- 
pulmonary haemorrhage; supernumerary digits on each 
hand and bifid right fifth toe. 


Case 2. The mother, 23 years of age, para 0 had 
bilateral active tuberculosis and during pregnancy had 
to be treated for pyelonephritis resulting from infection 
with Escherichia coli. She went into labour at term and 
the infant was delivered spontaneously. The first stage 
of labour lasted 18 hours 30 minutes and the second stage 
30 minutes. There was a vertex presentation. 

The infant was a male and weighed 3,715 g. at birth. 
The head circumference was 32:5 cm. The infant’s 
condition was good and he cried immediately. There 
was no peripheral cyanosis but cardiac pulsation was 
noted to be vigorous and there was strong arterial 
pulsation in the neck. A systolic murmur was heard 
over the apex. On radiological examination the heart 
was seen to be enlarged. One week after birth cyanosis 
was observed and there was slight pitting oedema of the 
feet and legs. The pulse rate was 160 per minute and 
respirations 40 per minute. A diagnosis of congenital 
malformation of the heart was made. Further radio- 
logical examination on the 11th day showed an increase 
in the size of the heart. Cyanosis became more marked 
and neck retraction was noted. The infant’s condition 
steadily deteriorated and he died 16 days after 
delivery. 


Necropsy. The body was that of a well developed 
male infant and weighed 3,345 g. The sternum was 
prominent. The falx and tentorium were intact. The 
brain (400 g.) was very soft and markedly congested. 
The great cerebral vein was replaced by a large saccular 
aneurysm 4:5 cm. in length and 2 cm. in diameter. This 
aneurysm was attached to the junction of the falx with 
the tentorium. It communicated anteriorly with the 
right and left internal cerebral veins and with the right 
posterior cerebral artery. The cerebral veins were 
engorged but not thrombosed. There was slight dilata- 
tion of the lateral ventricles and of the third ventricle 
which contained clear cerebrospinal fluid. The aque- 
duct was patent and the fourth ventricle was of normal 
size. A small amount of subarachnoid haemorrhage 
was present over the cerebellum. On slicing the aneurys- 
mal dilatation of the great cerebral vein was found to 
contain organized thrombus. 

The pericardium was clear and glistening, there was a 
small quantity of clear, straw-coloured fluid in the peri- 
cardial sac. The heart was considerably enlarged, 
chiefly as a result of hypertrophy and dilatation of the 
right atrium and right ventricle. The interventricular 
septum was intact and very broad. Thick post-mortem 
clot was present in the right atrium. There was no 
structural abnormality of the heart valves or of the great 
vessels. The foramen ovale was closed. The ductus 
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glycaemia. Clinical features of this type of arterio- 
venous aneurysm are reviewed and it appears that 
hydrocephalus and severe cardiovascular effects are 
commoner than in the ‘angioma’ type of cerebral 
arteriovenous aneurysm. Surgery appears to hold 
out the possibility of cure in some cases, provided 
that diagnosis and angiography anticipate the 
potentially rapid decline of such patients. 


Our thanks are due to Professor A. Moncrieff and 
Dr. J. P. M. Tizard for access to the clinical data of 
Case 1. The photographs were prepared by Mr. E. 
Clark, the Bernhard Baron Memorial Research Labora- 
tories, Queen Charlotte’s Maternity Hospital. 
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Addendum 


Since this paper has been sent to the press, two 
additional cases of cerebral arteriovenous fistula associ- 
ated with heart failure have been reported by Glatt and 
Rowe (1960). 
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TWO CASES OF RETICULOENDOTHELIOSIS— 
LETTERER SIWE SYNDROME 


MARGARET D. BABER 
From Edgware General Hospital, Edgware, Middlesex 


(RECEIVED FOR PUBLICATION APRIL 19, 1960) 


Diseases characterized by proliferative changes in 
the reticulo-endothelial system, other than the 
leukaemias and specific infections such as tuber- 
culosis and typhoid fever, give rise to three main 
syndromes in children, but there are many atypical 
and intermediate forms. Originally described as 
three separate conditions, these syndromes, namely 
Letterer-Siwe disease, Hand-Schiiller-Christian syn- 
drome, and ‘eosinophilic granuloma’ of bone are 
now believed by many authorities to have a common 
aetiology, as yet unknown, and basic pathology. 
Van Creveld (1951) is of the opinion that a distinc- 
tion between the first two is unnecessary and at 
times impossible, and clinical pictures occupying 
intermediate positions between them and even 
sharing features of the infectious reticuloses have 
been described; Siwe (1949) on the other hand, 
maintained that they were pathologically distinct. 
Those authors who accept the theory of unity of 
Letterer-Siwe disease and Hand-Schiiller-Christian 
syndrome do so on the assumption that lipoid 
storage would develop in the former if the disease 
were protracted; moreover, sequences of the three 
morbid pictures in one patient on consecutive 
biopsies have also been described by Bartels (1947), 
Wentholt and Hadders (1949), Love and Fashena 
({948), and Parkinson (1949). That this sequence 
cf events is not always followed has been shown 
e sewhere and is further demonstrated by the pro- 
t acted course of one of the cases to be described, 
tut in it account must be taken of the modifying 
e fects of steroids. 

Considerable evidence is accumulating on the 
value of ACTH and cortisone in the treatment of 
tie three syndromes, particularly of the subacute 
< 1d chronic forms of the Hand-Schiiller-Christian 
s’ndrome. Karlen (1952) reported disappearance 
«°* hepatosplenomegaly and exophthalmos in an 
| }-month-old girl on cortisone therapy, but relapse 
c scurred when the treatment was stopped on account 
© severe oedema, and the patient died. Rgjel and 


Lund (1958) described a boy with Hand-Schiiller- 
Christian syndrome aged 14 months at onset, but 
not diagnosed till 3 years and 9 months, who was 
pronounced cured after three years’ treatment with 
ACTH and cortisone, but he was observed for only 
three months after cessation of treatment, and had 
received x-ray therapy also. 

Sewell (1954) presented a girl of 3 years 10 months 
to the Royal Society of Medicine who had shown 
histological features of eosinophilic granuloma of 
bone and later of Hand-Schiiller-Christian syn- 
drome with clinical improvement on cortisone after 
failure to respond to Xrays; and Flosi, Assis, 
Coelho Neto, Bloise, Ulhéa Cintra and Barros 
(1959) described a complete remission after four 
years almost continuous treatment with cortisone 
and ACTH in a boy diagnosed as suffering from 
Hand-Schiiller-Christian syndrome when | year old, 
the symptoms having commenced about four months 
previously. After a year’s treatment with cortisone 
followed by ACTH, maximum dosage 75 mg. daily, 
he developed marked features associated with 
Cushing’s syndrome at which stage treatment was 
gradually reduced; but bone lesions which were 
already resolving continued to improve and even- 
tually disappeared after four years’ treatment. 

Bearing this evidence in mind, it is necessary to 
remember the occurrence of spontaneous remission 
which is the usual outcome in patients with eosino- 
philic granuloma of bone and is also well recognized 
in the Hand-Schiiller-Christian syndrome. 

Moreau (1930) found nine cases of spontaneous 
recovery amongst 34 cases of MHand-Schiiller- 
Christian syndrome described in the literature, and 
while Letterer Siwe disease is generally fatal, 
spontaneous recovery is possible (Lightwood and 
Tizard, 1954). Recovery from this disease induced 
by cortisone was described by Cox (1955), and 
Orrild and Lunding (1953) reported a case of Letterer 
Siwe disease apparently cured by ACTH. 

The object of this communication is to place 
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on record two further cases of reticulosis and to 
describe the effect of prolonged steroid therapy in 
one, the other dying before treatment was properly 
instituted. 


Case Reports 


Case 1. J.E. was 25 months of age when admitted 
to hospital in April, 1955, with a history of malaise 
following an upper respiratory infection two weeks 
previously. For a week he had been drowsy and listless, 
inclined to vomit and was thought by his mother to be 
having headaches. A few days before admission 
puffiness was noticed around the eyes, which for the 
past 24 hours had protruded. 

He was the second child of healthy parents, born at 
term; his birth weight was 7 lb. 11 oz. He was breast fed 
for one month only, but he made good progress and his 
only illness had been an attack of otitis media treated 
with penicillin one year previously. The family history 
was uneventful. 


EXAMINATION. Temperature 99-8°F. He had a pale, 
puffy face and proptosis of both eyes, the right slightly 
more than the left. In addition to the.puffiness of the 
eyelids there were also symmetrical, fairly well defined 
swellings in the temporal fossae (Fig. 1) and an indefinite 
swelling in the right parietal region. The tonsils were 
enlarged but not inflamed; cervical and axillary glands 
were moderately enlarged; the heart and lungs appeared 
normal; liver and spleen were not felt. The optic fundi 
showed no abnormality, and the cerebrospinal fluid 
was also found to be normal. A blood count was 
reported Hb 86% (12-7 g.); colour index, 1-04; W.B.C.s, 
6,000/c.mm. (polymorphs 40%, lymphocytes 60%). 

A tentative diagnosis of Hand-Schiiller-Christian 
syndrome was made, but there was no polyuria and urine 
specific gravity reached 1,016. Moreover, radiographs 
of skull, thorax and long bones revealed no abnormality 
apart from opacity of both antra and ethmoid cells. 
Because of this finding and the fact that his temperature 
fluctuated between 100° and 101° F. the possibility of 


Fic. 1.—Showing puffiness of eyelids and symmetrical well-defined 
swellings in temporal fossae. 
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Fic. 3.—Bone marrow showing a foam cell and vacuolated cells. 
( x 650.) 


ethmoiditis was considered, and treatment with anti- 
biotics started. No improvement followed, however, 
and six days after admission chemosis of both conjunc- 
tivae and retinal oedema appeared; there was no rea! 
papilloedema. A second blood count showed a fal! 
in Hb to 78% (11-5 g.) and vacuolated cells were found 
in the smear (Fig. 2). The E.S.R. was 6 mm. in one 
hour, platelets 14,000/c.mm. and bleeding time more thar 
12 minutes. Bone marrow aspiration showed a normo- 
cellular marrow containing ‘foam cells’ (Fig. 3) simila’ 
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Fic. 4.—Gland infiltrated with reticulum cells. (H. and E, x 150.) 


F 5. 5.—Horizontal section through skull showing tumour-like mass 
in anterior fossae. 


t those occurring in the Hand-Schiiller-Christian 
Ss adrome; gland biopsy showed complete replacement 
c the normal architecture by sheeis of pale reticulum 
¢ ‘ls, but no ‘foam cells’ (Fig. 4). 


Cortisone was now added to the treatment but the 
child’s condition deteriorated rapidly. Spontaneous 
bleeding occurred and he became progressively more 
anaemic in spite of blood transfusion. 

He appeared to be quite blind for several days before he 
died, two weeks after admission to hospital. 


Necropsy. A mass of tumour-like tissue in the 
anterior fossae of the skull, in the orbits and air sinuses, 
and invading the upper part of the nose via the cribriform 
plate was revealed (Fig. 5), but the pituitary fossa 
appeared intact. A large tumour was found in the lower 
end of the right femur (Fig. 6). The thoracic and 
abdominal glands were all enlarged and invaded, and 
there were small deposits in the heart, kidneys and wall 


Fic. 6.—Large tumour in lower end of right femur. 
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of the small intestine. The liver and spleen appeared 
normal macroscopically and the lungs showed hypostatic 
changes only, but histological deposits were noted in 
lungs, spleen, liver, pancreas, ribs and tonsils. The 
pituitary gland was normal on section apart from 
tumour around the capsule. The microscopic picture 
was of uniforin infiltration with sheets and trabeculae of 
mononuclear cells with pleomorphic nuclei and scanty 
eosinophilic cytoplasm. No foam cells were found in 
any of the necropsy sections and no cholesterol was 
demonstrable in the cells by histochemical techniques. 


Case 2. J.C. was 5 years old when admitted in 
February, 1957, with a history of malaise, loss of appetite, 
limb pains and irregular fever following an upper 
respiratory infection one month earlier. He was the 
third and youngest child of healthy parents, born at 
term; his birth weight was 6 lb. 100z. He was breast fed 
for three months and his progress had been entirely 
normal. The family history was uneventful. 


EXAMINATION. He was a fretful, pale, ill-looking 
child, with several small bruises and a few petechiae 
on the trunk. His tonsils were large and unhealthy 
and tonsillar glands were palpable; there were small 
discrete glands in axillae and groins, and his liver was 
easily palpable, his spleen being just felt. No nodules 
or bony swellings were found, but he resented examination 
because of muscle tenderness. A tuberculin patch test 
was negative. Radiographs showed possible erosion 
of one rib, but no lesion in skull, spine or long bones. 
Haematological examination revealed Hb 64%, W.B.C.s 
less than 1,000/c.mm. (polymorphs 11%, lymphocytes 
87%, monocytes 2%, platelets scanty); bleeding time 
more than 15 minutes. Marrow puncture demonstrated 
the presence in the marrow of many histiocytic cells with 
slightly foamy cytoplasm, suggesting a diagnosis of 
Letterer Siwe syndrome. ACTH in a dosage of 40 units 
daily was started four days after admission together with 
penicillin, and a blood transfusion was given the following 
day, Hb having fallen to 58%; a blood film at this time 
showed many smear cells. 

After four days’ treatment the child’s general condition 
had improved remarkably; he lost his muscle pains 
and became much more cooperative, accepting drugs 
by mouth which he had previously refused, so predni- 
solone 12-5 mg. t.d.s. was substituted for ACTH intra- 
muscularly. He was given another blood transfusion 
as his Hb had only risen to 66% and four weeks after 
the beginning of treatment he was symptom-free, had 
no palpable glands, no obvious enlargement of the 
spleen and a second marrow puncture showed a normal 
picture apart from a very few of the abnormal cells 
originally seen. His liver, however, was still palpable 
two finger breadths below the costal margin. He had 
become moonfaced, and his weight had increased by 
8 Ib. over his admission weight of 29 lb. 5 oz., so pred- 
nisolone was reduced to 10 mg. t.d.s. and on this dosage 
he was discharged to the Out-patient Department at 
the end of March, his Hb at that time being 75% and 
W.B.C.s 4,600/c.mm. Dr. Bodley Scott who had seen this 


child in consultation reported: ‘I agree that the primitiv : 
cells found in the bone marrow and displacing almos: 
all the normal cells are quite unlike the usual ‘blast:’ 
of acute leukaemia. They have irregular nuclei of th: 
reticulum cell type and some have a foamy cytoplasm. 
Together with the x-ray changes they support a diagnosi; 
of ‘Letterer Siwe syndrome’.’ 


He was seen frequently in the Out-patient Departmen 


and he remained well but exhibited the appearance 0° 


florid Cushing’s syndrome. His haemoglobin wa; 
maintained and he had no enlargement of liver, spleen o- 
glands. He complained of pain in one ankle but nothin; 
abnormal was found, and as he was markedly overweigh: 
(46 Ib.) his dose of prednisolone was reduced slowly 
after two months on 30 mg. daily, until he was taking 
only 5 mg. a day at the beginning of July. He lost 
5 Ib. in weight, felt well and began to grow. His Hb 
was still 96% and blood picture normal; B.P. 110/65 
mm. Hg. Prednisolone was again reduced in August to 
2-5 mg. daily and continued at this level until in Septem- 
ber his testes were noticed to be rather hard and insen- 
sitive, and a week later his parotid, submaxillary, axillary 
and inguinal glands were visibly enlarged and felt firm. 
Liver and spleen were still not palpable and Hb was 
90%, but smear cells were again seen in the blood film 
(September 24, 1959), as well as a few atypical mono- 
nuclear cells. He was admitted on October 1, 1957, 
for biopsy of a gland and the dose of prednisolone was 
increased to 10 mg. daily, but he did not improve. The 
report on the biopsy specimen stated: ‘The normal 
structure of the lymph node has been destroyed, being 
replaced by a uniform proliferation of medium sized 
oval cells with scanty eosinophilic cytoplasm and reticular 
nuclei. The capsule is invaded at one point, and the 
abnormal cells are infiltrating the fat outside the node. 
Mitoses are numerous. I regard this tumour as a 
lymphosarcoma.’ 

Prednisolone therapy was continued in the same dosage 
but muscle pains returned and a few histiocytic cells 
were again seen in the peripheral blood in mid-October, 
at which time the dose was increased to 30 mg. daily. 
Rapid weight gain resulted but the symptoms progressed 
and by the middle of November he was unable to walk 
on account of general stiffness and tenderness. Radio- 
graphs of ribs, pelvis and long bones (November 15, 
1957) showed no abnormality. 

His condition deteriorated steadily, he became anaemic 
and leucopenic once more, and developed scattered 
bruises and petechiae. His weight fell steadily to 36 lb. 
on December 10, in spite of progressive increase in the 
dose of prednisolone up to 120 mg. daily and blood 
transfusion, and by December 20, 1957, his liver had 
enlarged to three fingers-breadth below the costal margin 
and spleen and glands were easily palpable. Radio- 
graphs (December 19, 1957) showed a little periosteal 
infiltration in several long bones and slight generalized 
osteoporosis. He was discharged home for Christmes 
and re-admitted (December 30, 1957) in severe pain, 
extremely weak and bleeding from the nose; Hb 40%, 
W.B.C.s too scanty to count. He was again transfused 
and another bone marrow puncture was attempted, but 
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‘iv: yas unsuccessful because he bled too much. For the 

Os : sime reason biochemical investigations were not under- 

Sts tiken, but on January 3, 1958 potassium chloride 

th: 1-5 g. daily by mouth was started on an empirical basis 

mr. tecause of high dosage of prednisolone, general weakness } 

S15 and abdominal distension, steroid therapy being main- P| 

tained unaltered. 

en A few days later he was much improved, moving his | 
O° legs without pain and no longer bleeding spontaneously. " 

Na 5 \t the beginning of February he was once more on his 

10" feet, and even running a little. His haemoglobin rose . 
in;: steadily without further transfusion, his white cell count ‘: 

ghi became normal and no histiocytes or smear cells were G 

why seen in the blood film; his spleen was no longer palpable s: 
ing but his liver and preauricular glands were just felt. a 

ost He was discharged home on February 12, 1958, still on r 

Hb 120 mg. prednisolone daily, and he felt well, but he ate : 

/65 enormously and gained nearly a stone in weight in the 

to next three weeks, reaching 50 lb. His blood pressure 

‘m- rose to 150/90 mm. Hg, having been around 110/60 

en- mm. Hg previously. By the end of March he was too a 

ary tired to walk and complained of pain in the back, so he 

rm. was readmitted on March 21, 1958, still with all the . 

vas signs of florid Cushing’s syndrome (Fig. 7). Radio- A 

ilm graphs showed marked osteoporosis of lumbar vertebrae a 

no- with flattening and compression of most of the vertebral ; 

DT, bodies (Fig. 8) and also slight deformity of the neck of : 

vas the left femur. Apart from his high colour, obesity and : 

The loss of lumbar curve the child seemed well and showed : 

nal no sign of the original disease. There was now no 
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Dut Fic. 8.—Lumbar spine showing osteoporosis, compared with spine of same patient six months earlier. 
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anaemia and marrow puncture showed no evidence 
of any haemopoietic disorder, normal polymorphs 
being most plentiful, granulocyte precursors numerous, 
primitive and abnormal cells absent. 

He was fitted with a plaster bed and his dose of pred- 
nisolone was gradually reduced being combined with 
ACTH. He appeared well; ketosteroid excretion was 
satisfactory and blood pressure 120/90 mm. Hg. On 
May 7, on a dose of prednisolone 20 mg. b.d. and ACTH 
40 mg. daily, he was found to have a number of large, 
slightly tender glands in the neck and a nodule on the 
occiput, but liver and spleen were still not palpable. 
On May 12 another marrow biopsy was obtained which 
showed the marrow grossly infiltrated by large pleo- 
morphic reticulum cells (Fig. 9) the nuclei of which 
had a coarse chromatin pattern and single prominent 
pale blue nucleus, the picture being that of reticulum 
cell reticulosis. A few days later he began to deteriorate 
rapidly, ecchymoses appearing in the vicinity of the 
enlarged glands, and liver and spleen enlarging pro- 
gressively. He became rapidly more anaemic in spite 
of blood transfusions and died suddenly on June 5, 1958, 
nearly 18 months after the onset of his first symptoms. 


Necropsy. This was performed 24 hours after death. 
The body was that of a fat boy with the moon-facies of 
cortisone overdosage, showing massive ecchymosis of the 
left arm and lower abdominal wall, and numerous small 
bruises scattered over the rest of the body. There was 
general enlargement of lymph glands, the tracheo- 
bronchial, mediastinal and pre-aortic abdominal glands 
being dark red in colour and soft. Petechiae were 
present on the surface of the heart (which was otherwise 
normal) on the pleura, and in the gastric mucosa. 
Fresh blood was present in the small intestine, which 
appeared normal in other respects. The liver was of 


Fic. 9.—Bone marrow showing reticulum cells. ( 915.) 


Fic. 10.—Bone marrow showing diffuse infiltration. (H. and E. x 90.) 


average size (870 g.) and was pale. The spleen was 
enlarged (180 g.) and deeply congested; other organs 
appeared normal. The cortex of all vertebral bodies 
and of the long bones was extremely thin and the marrow 
was dark red and prolific. 


HistoLtoGy. Sections of spleen, lymph nodes and 
bone marrow (Fig. 10) showed replacement of the 
normal tissue by sheets of pleomorphic reticulum cells. 
The liver showed subcapsular and portal tract prolifera- 
tion of these abnormal cells (Fig. 11), but the changes 


Fic. 11.—Liver showing infiltration of portal tracts. (H. and E. x 9).) 
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were not intense. There was no evidence of lipoid 
storage. The infiltrating cells varied in size and shape, 
some being rounded, some polygonal and others elon- 
gated. Mitoses were scanty, reticulum production slight, 
but the cells stained with metallic stain and some showed 
evidence of erythrophagocytosis. 


Discussion 

Diagnosis undoubtedly depends on the histo- 
logical interpretation of the type of abnormal cell 
seen in the marrow biopsy and necropsy sections. 
Cases of the type just described have been published 
under various names, but the unifying feature is a 
diffuse infiltration of the marrow by cells of reticulo- 
endothelial type. The two cases under discussion 
fulfil the clinical criteria advanced by Siwe, but at the 
same time show certain points of dissimilarity. 

Case | had marked exophthalmos and foam cells 
in the marrow biopsy, but the classical triad of the 
Hand-Schiiller-Christian syndrome was_ lacking. 
The rapid course of the disease in this case was 
characteristic of Letterer-Siwe syndrome, though 
the biopsy picture was more suggestive of the term 
acute xanthomatous reticuloendotheliosis. 

Case 2 conformed more closely to the conception 
of a malignant reticuloendotheliosis, which was 
probably what the original authors described as 
Letterer-Siwe disease, but which in his case was 
checked over long periods by steroid therapy. 

These two cases support a contention made by 
Lynch, Bain, Stanyon and Crang (1954) that two 
different disease entities are often confused under 
this eponym. That steroids influence all varieties 
of reticulosis there is no doubt; but the possibility 
of spontaneous remission must not be forgotten. 
The response to steroids accentuates neither the 
relationship nor the diversity of the pathological 
forms. 


Summary 


Two cases of reticuloendotheliosis of Letterer- 
Siwe type are described, and the effects of prolonged 
steroid therapy indicated. A brief review of the 
literature in relation to steroid therapy of the 
reticuloses is included. 


I am greatly indebted to Dr. J. L. Hamilton-Paterson 
who performed the autopsies and supplied the patho- 
logical reports, to Dr. R. Bodley Scott who saw Case 2 
in —- and to Miss M. H. Shaw for the photo- 
graphs. 
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A CASE OF SEVERE HYPERCALCAEMIA OF INFANCY 
WITH AN ACCOUNT OF 
THE NEUROPATHOLOGICAL FINDINGS 
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Hypercalcaemia of infancy has been divided into 
severe and simple or benign forms, each with dis- 
tinct clinical pictures. However, Joseph and 
Parrott (1958) considered that the two forms were 
different degrees of severity of the same disease. 
Forfar, Tompsett and Forshall (1959) thought that 
the severe form, which tends to be recognized later 
in infancy, was the result of delay in diagnosis. 

The severe form, which according to Fellers and 
Schwartz (1958) is 14 times less common than the 
simple form, was first described by Fanconi, 
Girardet, Schlesinger, Butler and Black (1952). 
Amongst its multiple symptoms and signs are 
dwarfism, mental retardation, persistent hyper- 
calcaemia, hypercholesterolaemia, osteosclerosis and 
evidence of renal disturbance with albuminuria and 
nitrogen retention. The prognosis is poor. By 
contrast, the simple form first described by Light- 
wood (1952) is unassociated with mental deficiency 
and osteosclerosis and has a good prognosis. 

Several workers have described the visceral 
changes, particularly renal, in severe hypercalcaemia, 
but neuropathological findings have not been 
hitherto reported. The object of this communica- 
tion is to record a case which came to autopsy and 
had a full pathological examination. 


Case History 


The patient, the first born of healthy parents, the 
mother 18 and the father 37 years of age, with no family 
history of mental or neurological illness, was delivered 
normally after a labour lasting 44 hours. The pregnancy 
was normal. He weighed 9 lb. 6 oz. (4,220 g.) at birth 
and his head circumference of 144 in. (36-8 cm.) was 
of normal size. He had a capillary-cavernous ‘straw- 
berry’ naevus on the outer side of the right elbow ¢ in. 
(2-2 cm.) in diameter and a similar lesion 3 in. (1-6 cm.) 
in the left deltoid region. 

At first he progressed normally but on the 3rd day 
he had a cyanotic attack and was given oxygen. Later 
the same day he had several tonic convulsions with 


opisthotonus and flexion of all limbs, each attack lasting 
about two minutes. Cerebrospinal fluid was clear and 
xanthochromic with a protein content of 300 mg. % 
and a normal cell count. 

He was weaned on to half-cream national dried milk 
at 17 days and changed gradually to full-cream milk 
at 12 weeks. One teaspoonful of cod liver oil was given 
daily. He was a slow feeder, often vomited and was 
constipated. These features persisted throughout life. 

The cutaneous naevi increased in size up to the 4th 
month after which they became stationary. At this 
time his head circumference, 15% in. (40-2 cm.), was 
within normal limits. At 5 months his blood pressure 
was 124/76 mm. Hg and radiography showed normal 
bone development and calcification of hands and feet. 
Convulsions, consisting of sudden jumps, stiffness of 
the arms and legs, and cyanosis continued. Although 
some measure of control was achieved by sedation he 
sometimes had several attacks a day. At 9 months he 
was considered to be mentally retarded, deaf and blind 
with optic atrophy. 

While in hospital from 11 months to 2 years and 3 
months weight gain was satisfactory in spite of feeding 
difficulties and intercurrent respiratory infections. The 
fontanelles closed normally but his head size increased 
very slowly and at 2 years the circumference was 16? in. 
(42-6 cm.). His pupils did not react to light and he had 
slight nystagmus. The discs were small and pale but 
the retinae were normal. All limbs were hypertonic 
and the reflexes brisk. Plantar reflexes were extensor. 
The Mantoux 1/1,000 and toxoplasmin skin tests were 
negative. Marrow and blood counts were normal. 

Many chemical investigations were carried out during 
the first 2 years of life. The blood urea was raised 
between 60 and 82 mg. %. Calcium in the blood varied 
from 11-3 to 16-6 mg. % (the diagnostic level given by 
Stapleton and Evans (1955) was 12:5 mg./100 ml.). 
Blood phosphates were between 5-5 and 9-9 mg. %; 
plasma protein 7-0 to 7-3 mg. %; serum cholesterol 
293 mg. %. The alkaline phosphatase in six estimations 
varied between 15-7 and 28-4 King Armstrong units/ 
100 ml. but there was a seventh estimation in which 
it was 5-4 units/100 ml. The CO, combining power was 
30-8 mEgq./litre. The I’** excretion test was normal. 
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Fic. 1.—Rounded face with eyes set wide apart, epicanthic folds 
and large low-set ears. 


Paper chromatography revealed a normal amino-acid 
urinary excretion. C.S.F. protein returned to normal 
towards the end of the first year. 

He was admitted to the Fountain Hospital at the age 
of 2 years and 3 months when he was found to be an 
idiot behaving like a 2-month-old baby, requiring 
three-hourly bottle feeding. He could not talk, sit, 
stand, walk, nor even lift his head. He showed no 
apparent interest in his surroundings and rapport could 
not be established. His weight was 22 lb. and head 
circumference 163 in. (42-4 cm.) (normal is 49-7 cm.). 


Fic. 2.—Two small foci of calcification in the first premolar. 


His face was round with eyes set wide apart, epicanthic 
folds were present and the ears were large and low-set 
(Fig. 1). He lay in a curious ‘frog’ position, the legs 
abducted at the hips and maintained rigidly in a flexed 
position. There was spastic diplegia. 

Two weeks after admission to the Fountain Hospital, 
he developed a pyrexial attack (103 to 105° F.) with 
haemoconcentration and a leucocytosis of 20,000. 
Choreic movements of the face and limbs, head retraction 
and arching of the back occurred. Excitement and 
screaming attacks were frequently present and he often 
slept during the day and was sleepless at night. When 
asleep his movements ceased. The cause of his illness, 
which persisted intermittently till death seven months 
later, was obscure, in spite of many investigations. 
These excluded meningitis, middle-ear disease and other 
infections. A moderate degree of papillitis lasting about 
six weeks was noted. C.S.F. protein increased to 90 mg.% 
with a slight increase of globulin but other constituents 
were normal. Dr. Frank Elliott suggested that the 
cause of these symptoms and signs might be naevoid 
amentia with naevoid malformation at the base of the 
hypothalamus and pons, a diagnosis of some significance 
in view of subsequent findings. Radiography of the 
skull and spine at 2 years and 5 months revealed general- 
ized osteosclerosis and two foci of calcification in the 
pulp of a deciduous premolar (Fig. 2). 

He died from broncho-pneumonia at the age of 2 years 
and 10 months. 

When the child was 10 months old the parents had a 
second infant, a girl, who developed normally and at 
8 years was fit and well. 


Pathological Findings. At necropsy performed on the 
day of death, the body was found to be well nourished. 
However, comparison with Coppoletta and Wolbach’s 
(1933) tables of organ weights of infants and children 
revealed that his stature of 81 cm. (normal 88 cm.) was 
stunted and the weights of his heart, lungs, spleen, liver, 
kidneys and brain were all lighter than the average for 
his age. His head circumference was 42-6 cm. (normal 
50-4 cm., S.D. = +1-35 cm.). He was therefore 
microcephalic. 

Foetal lobulation was present in both kidneys (left 
35 g., normal 49 g.; right 30 g., normal 48 g.), each of 
which showed longitudinal yellowish streaking of the 
medulla. Atheromatous deposits encircled the com- 
mencement of the aorta. The heart was well formed. 

The brain, symmetrical in shape and covered by clear 
leptomeninges, weighed 825 g. (normal 1,140 g.). It was 
very soft at the time of removal and, with convolutional 
flattening, was considered to be oedematous. The 
olfactory and optic nerves appeared small but other 
cranial nerves were normal. Attached to the caudal part 
of the optic chiasma and anterior part of the tuber 
cinereum and chiasma and the hypophysis cerebri, was a 
soft grey nodule 4 mm. in diameter (Fig. 3). Basal 
vessels were normal. There were no naked eye abnor- 
malities of the spinal cord. 


Histological Findings. Coronal sections of the frontal, 
temporal and occipital lobes, the basal ganglia, mid- 
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Holzer techniques. Paraffin embedding was carried c ut 
on the optic nerves, cortex and viscera and sections w: re 
stained by the H.V.G., H. and E., P.T.A.H., Gl es 
Marsland and Loyez methods. Frozen sections of ‘he 
cortex were used for Holzer, von Kossa and Scarlet 8. 
methods. 

The gyri were well formed but lamination within th sir 
grey matter was often indistinct and there was a gener il- 
ized sparsity of nerve cells especially in layer III. B:tz 
cells, looked for in many blocks, were absent from :he 
motor cortex. The striate cortex could not be identif 2d 
with certainty. Perigyral gliosis was increased in so:ne 
areas, notably in the frontal, parietal and occipital lobes, 
The white matter was well medullated. However, it 
contained many ectopic nerve cells e.g. in the 
corona radiata there were five times more nerve cells 
than in an equivalent area of the brain of a mature 
newborn infant and 30 times more cells than in the brain 
of an infant of 1 year. 

Apart from focal increases in Bergmann’s cells, the 

cells and capillaries (Fig. 4). Most of the glial cells had 
round or oval nuclei with well-defined nuclear membrane. 

brain, pons, medulla, cerebellum, cervical, thoracic and The nuclei contained powdery particles and two or three 
lumbar cord were embedded in celloidin and sections larger chromatin nodules. A few cells were smaller 
stained by the usual neuropathological procedures— and hyperchromatic. The cells were arranged rather 
Nissl, Heidenhain, H.V.G., Mallory’s P.T.A.H. and loosely except near the blood vessels where they were 
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Fic. 4.—Rather haphazard arrangement of glial cells in the infundibuloma had a tendency to more compact arrangement around the vesse's. 
(H. and E. x 156.) 
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Fic. 5.—Collagenized capillaries, most of them bloodless, and inter-capillary gliosis in the cortical naevus (H.V.G. x 162.) 


denser. Their fine fibrils formed a delicate open network 
with occasional microcysts in the H. and E. and H.V.G. 
preparations. In the Holzer sections there were a few 
thick sturdy looking angulated fibres. Blood vessels 
were looped into several coils and contained an excess 
of reticulin in their walls. This gave them a bizarre 
glomerular-like appearance. There were neither multi- 
nucleated giant cells nor mitotic figures. A few globoid 
eosinophilic colloidal bodies or droplets were present. 

A vascular naevus was found in the grey matter of the 
parietal lobe in the vicinity of the Rolandic fissure when 
ihis was sectioned. Situated in the grey matter bordering 
« sulcus, it measured approximately 1-5 mm. in length 
end involved layers I, II and III (molecular, external 
cranular and pyramidal cell layers). It consisted of a 
»etwork of collagenized capillaries (Fig. 5). Only a few 
f the capillaries contained red cells. Elastic tissue was 

ot seen in their walls. Glial cells were numerous 
aroughout the area. A dense feltwork of glial fibres 
vas arranged in a racemose fashion around the periphery 
.f the lesion, from which many branches invaded 
eighbouring grey matter. There were neither saccular 
or fusiform dilatations. Calcification was absent. 

Numerous calcareous deposits were situated chiefly 
‘a the outer half of the pyramids of the kidneys with 

ceasional foci in the medullary rays. Interstitial 
brosis was present around these foci and ischaemic 


changes were seen in some glomerular tufts. It was often 
difficult to identify the precise site of the calcified struc- 
tures because of distortion by fibrosis. Many were large 
enough to be seen by the naked eye (like grains of black 
pepper in the von Kossa preparation); for instance, 
some of the larger deposits were contained within a thin 
lining of fibrous tissue and it was impossible to say 
whether they originated within the lumen of a tubule, in 
its epithelium or in the interstitial tissue. These large 
deposits compressed surrounding tubules. The smaller 
deposits were also difficult to place, but some appeared 
to have formed below the level of the tubular epithelium 
which they had dislodged towards the lumen. Many 
smaller deposits appeared to be interstitial. 

Glomerular changes were focal and included shrinkage 
of the capillary tufts with hyperchromasia of nuclei. 
Fibrous tissue was increased around some Bowman’s 
capsules and the interstitial tissue contained an excess 
of fibrocytes and round cells. There were no poly- 
morphonuclear cells; there was no calcium-like deposit 
in the glomeruli or adjacent tissue and blood vessels 
were normal. 

The available sections of the pituitary gland were 
small when compared with a gland from a child of similar 
age. Apart from congestion of the sinusoids it appeared 
normal structurally. Atrophic changes were conspicuous 
in the thymus and included smallness of lobules with 
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poor differentiation between cortex and medulla; 
Hassall’s bodies were calcified and there was a great 
deal of fibrous stroma and fatty infiltration. There was 
infiltration of the portal tracts by small round cells. 
Broncho-pneumonic changes were confirmed in the lungs. 
Other viscera appeared normal. 


Discussion 


The hypercalcaemia and the clinical features of 
mental deficiency, osteosclerosis and stunting made 
it reasonably certain that this boy suffered from a 
severe form of hypercalcaemia of infancy. Failure 
of the skull to grow adequately after birth and the 
development of osteosclerosis signified the progres- 
sive nature of the disease. Nephrocalcinosis, found 
in both forms of this disease, was also present and 
the renal lesions were similar to those described by 
Dawson, Craig and Perera (1954), Rhaney and 
Mitchell (1956), and Shanks and MacDonald (1959) 
Type III lesion. An unusual feature was foci 
of metastatic calcification in the pulp of a deciduous 
premolar. Dawson et al. (1954) found similar 
lesions in a lower deciduous incisor. 

Micrencephaly, poor lamination of nerve cells and 
universal paucity of nerve cells in the grey matter 
especially in layer III (pyramidal cell layer) were 
severe enough to account for the mental deficiency 
in this boy. The paucity of cortical nerve cells 
could probably in part be due to the excessive 
number of ectopic nerve cells in the white matter 
indicating a failure in the normal migration of 
neuroblasts towards the pallium, either in the later 
months of pregnancy or early in infancy. Clearly, 
with the early onset of convulsions and initially 
raised cerebrospinal fluid protein there was evidence 
that the disturbance of the nervous system was 
already present in early infancy. It is also impos- 
sible to exclude the possibility of ictal neural 
damage. 

Rhaney and Mitchell (1956) reported medial 
calcification of the middle cerebral artery within the 
basal ganglia in a child of 10 months whose brain 
weight was normal and who suffered from the mild 
form of the disease. The vessels in this child were 
free from this abnormality. 

The tumour situated between the optic chiasma 
and hypophysis cerebri had many of the features 
of an infundibuloma; a condition recently reviewed 
by Wolman (1959). Its situation invites speculation 
into the effects it may have had on the child’s 
metabolism and physical state. As indicated in 
the history, a lesion of the hypothalamus was 
suspected in life. Diabetes insipidus was not 
present. Although he was well nourished, he was 


not excessively fat and his genital organs were quite 
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well developed, there being thus no signs of adipose - 
genital syndrome. As a matter of interest and b: 
contrast, Kagan (1958) described a large tumour o~ 
the third ventricle, regarded as an astrocytoma 
in a 5}-month-old infant in whom the blood calciun 
was normal and the main features were anorexi: 
and inanition. 

The histological character of the vascular naevu 
did not fit easily into Russell and Rubinstein’s (1959 
classification of capillary telangiectasis, cavernou 
angiomas and venous and arteriovenous angiomas 
It resembled most a racemose venous naevus com 
posed of small channels. However, a pia-arachnoi: 
component was not demonstrated and the lesior. 
in this child was within the substance of the brain. 
Corrin (1959) stated that cavernous angiomas were 
similar in structure to the common cutaneous 
angiomas and that occasionaily they were associated 
with angiomatous lesions of the skin and other 
organs. Unfortunately, the skin lesions were not 
examined histologically. 

It was impossible to decide whether the hyper- 
calcaemia was causally related to the naevoid 
anomalies and the infundibuloma or was a for- 
tuitous complication such as might have arisen 
from some fault in the early feeding involving cal- 
cium and vitamin D or hypersensitivity to vitamin D; 
causal factors which have recently been discussed by 
Bonham Carter, Dent, Fowler and Harper (1955), 
Morgan, Mitchell, Stowers and Thomson (1956), 
Fellers and Schwartz (1958), and Forfar et al. (1959). 
Nevertheless, it could not be ruled out that the 
more economical explanation of a single cause such 
as a biochemical defect manifested itself as localized 
faults of morphogenesis. 


Summary 


An epileptic microcephalic idiot boy was stunted 
and had spastic quadriplegia, capillary-cavernous 
naevi of the skin and hypercalcaemia and osteo- 
sclerosis of the skull. Pathologically, there were 
micrencephaly, generalized paucity of nerve cells 
in the grey matter and an excessive number of 
ectopic nerve cells in the white matter, a gliosed 
vascular tumour of the left cerebral cortex and an 
infundibuloma. 


Our thanks are due to several colleagues at the Foun- 
tain Hospital and the Postgraduate Medical School who 
supplied information. 
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Atrial Septal Defect. By H. GOsta DAvIDSEN. (Pp. 225; 
347 refs; 49 figs; 12 tables. D. kroner 50.00.) 
Copenhagen: Munksgaard. 1960. 

Accurate information concerning the natural history 
of disease is as elusive as it is important, for without 
this knowledge rational treatment can hardly be said to 
exist. In attempting to set down the story of atrial 
septal defect Dr. Davidsen has clarified the background 
against which the treatment of this anomaly must be set. 
Although most of the 225 paper-backed pages are taken 
up with the minutiae of a thorough, careful and pains- 
taking study of 15% of the atrial septal defects in Den- 
mark, being a series of 132 patients seen at the Rigs- 
hospitalet, Copenhagen, considerable space is devoted 
to an analysis of the 190 autopsy reports in the literature. 
These latter records are admittedly unrepresentative, but 
they are unique, as they antedate the era of operative 
treatment and from them the author has extracted an 
amazing amount of information. In 68 of the 132 
patients of Copenhagen the diagnosis of heart disease 
was made before the age of 7 years. The subject is 
presented well in eight chapters with excellent summaries 
of each. From the gravity of the late prognosis in 
atrial septal defect, the author concludes that there are 
sufficient grounds for attempting an improvement in the 
prognosis by surgical treatment. Such treatment 
should be carried out before irreversible changes have 
occurred in the pulmonary vessels and cardiac valves. 
The scope of the book excludes the technique or results 
of operative treatment. In a chapter devoted to electro- 
cardiographic changes some reference might have been 
made to the value of the vector cardiogram. The 
reproduction of radiographs is good, and the diagrams 
and line drawings prepared by the author himself are 
commendable. Full references are given to the 347 
publications quoted and the index is accurate if a trifle 
curtailed. Spelling mistakes are few for a book pub- 
lished in a language ‘foreign’ to author and printer, 
and the quality of print and paper is good. 


The Purpose and Practice of Medicine. By Sir JAMES 
SPENCE. (Pp. x + 308; illustrated. 42s.) London: 
Oxford University Press. 1960. 

This book is made up of a selection of 20 of the papers 
and lectures of James Spence, edited anonymously by 
his friends and colleagues. They are divided into 
sections entitled ‘The Nature of Disease’, ‘The Study 
of Disease’, ‘Children and Families’, ‘The Care of the 
Child’, and ‘The Practice of Medicine’ and the ‘Training 
of Doctors’. The first of these sections shows the young 
Spence writing papers on pernicious anaemia, xeroph- 
thalmia, epituberculosis and other medical subjects of 
current interest in the era 1920-1933. These probably 
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differ little from similar papers written by others at tl 2 
time, but in 1934 there was published an ‘Investigatic 1 
into the Health and Nutrition of Certain of the Childre. 
of Newcastle upon Tyne between the Ages of 1 ani 
5 Years’. This work, done at the time of the gre: t 
depression, marked the beginning of Spence’s long and 
fruitful collaboration with the Health Authority of h.s 
own city, which led on to the unique 1,000 family survey, 
launched before his death and carried on afterwards by 
his collaborators. From this time, as his bibliography 
shows, he became less interested in clinical medicine 
itself, in so far as it concerns itself with particular diseases, 
and more and more interested in the way in which 
medicine should be studied and should be taught. 

In turn this led on to the main concern of the latter 
years of his life, the institutions which men create to fulfil 
particular needs, and the manner in which these insti- 
tutions evolve, or fail to evolve, as those needs change. 
He liked to regard the human family as the oldest of its 
institutions, and his masterly discourse on ‘The Purpose 
of the Family’ should be read in this context. His 
membership of the University Grants Committee 
brought him into close contact with the university and 
the teaching hospital qua institutions, and during the 
last decade of his life his interest, his talk and his energies 
were increasingly taken up with university policy. 
Unfortunately he wrote little on this subject. 

The book ends with his address to the Newcastle and 
Northern Counties Medical Society, given a few months 
before his death in 1954. He spoke on Institutional 
Medicine, and the opening words are beautifully charac- 
teristic of his style. 


‘It is, I think, one of the inherent peculiarities of an Englishman, 
and more particularly of a Northumbrian, that, if you scratch him 
he begins to brood over his institutions. And then from time to time 
he reforms them. He is, as it were, still in those tremendous years 
before and after 1688, when our revolution was settled more by 
sincerity of argument than by force of arms, and when there were men 
of the calibre of Halifax the Trimmer to hold the balance. Now, 
again, in this century we are in the midst of another revolution, which 
is shown in our concern about our institutions. If we have neither 
the vigour, which is an affair of the spirit, nor the means, which is an 
affair of the intelligence, to reform our institutions, it will be a matter 
of interest mainly to the historians of the future; but such a state of 
affairs will be cold comfort to those of us who believe that the excel- 
lence of a civilization is shown in the capacity of its citizens constantly 
to reform its institutions in order to meet its changing cultural needs. 
But change may be for the better or the worse, and in remembering 
this we should be guided by Burke’s admonition, that ‘‘merely to 
innovate is not to reform’’.” 


The style of his prepared utterances is terse, witty 
and embellished with apt references to the work and 
words of men, past and present, whom he admire. 
Discussion of the present and future is characteristicaliy 
based on experience to be gained from a study of history, 
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fc his historical sense was one of his outstanding 
in ellectual qualities. Alas, his prepared speeches, vivid 
th ough they are to read, cannot give more than a faint 
in pression of the unforgettable delight of his conversa- 
tion, nor of the effect of his extempore contributions at 
ccnference or committee. Yet it was by these means 
that he mainly achieved the great influence he had on his 
contemporaries during his lifetime. His approach to 
life had much of the imaginativeness of the artist about 
it, so that his judgments seemed to be arrived at in- 
tuitively, and his opinions often enough had a touch of 
waywardness about them, leading to his being apt to 
take an entirely unexpected line on some controversial 
issue. Inevitably these aspects of his personality cannot 
be reflected in a book made up of his formal utterances. 

Yet, happily, something of the charm of his per- 
sonality, of the enchantment of his companionship, 
and of the impact which these made upon those who 
knew him is brought out in the excellent Memoir (in 
effect a short biography) which Sir John Charles has 
written for this book. 

All must be grateful to those who have given us this 
book, for James Spence was one of the two or three men 
whose ideas have shaped paediatrics in this country 
since the War. 


Cancer and Allied Diseases of Infancy and Childhood. 
Ed. I. M. Arret and G. T. Pack. (Pp. xiii + 605; 
344 figs.) London: Churchill. 1960. 

This is a work of multiple authorship in which 27 
contributors, all from the United States, have cooperated. 
The editors state that it is ‘the first comprehensive 
treatise devoted exclusively to the clinical aspects ‘of 
cancer and allied diseases in children’. The list of con- 
tributors includes names that are well known outside 
the United States and all are workers of experience and 
authority. 

The scope of the book is wide. Nearly every possible 
type of neoplasm that may afflict children is mentioned. 
A liberal interpretation is given to the term ‘allied 
diseases’, a number of developmental anomalies being 
included which are allied to cancer only as possible 
problems in differential diagnosis. The principal 
interest of the book is surgical, although chapters are 
devoted to leukaemia and the ‘reticuloendothelioses’, 
wiich are mainly of medical interest. Some of the 
avthors describe surgical techniques and many give 
dtails of radiotherapy. An interesting feature of many 
ccntributions is the evaluation of results of treatment 
ciiled from large series of cases in various important 
ce itres. Pathology is introduced only for the purpose 
0’ classification and to indicate the bearing of histological 
st ucture on the behaviour of tumours and consequently 
0: treatment. No detailed pathological descriptions 
a! given. 

\ few criticisms may be offered on pathological 
gi unds. The controversial ‘Ewing’s tumour of bone’ 
is iccepted as a pathological entity and the frequency 
w h which the syndrome is produced by secondary 
nm iroblastoma is ignored. In Chapter 13 the author’s 
at mpt to resolve the existing terminological confusion 


between dermoid cysts and teratomata leaves the reader 
still confused. It is obvious that the term ‘dermoid’ 
is too widely applied. A new confusion is created by 
applying the term ‘non-lipid reticuloendotheliosis’ to 
Hand-Schiiller-Christian disease in contrast to the diseases 
of Gaucher and Niemann-Pick, which are termed ‘lipid 
reticuloendotheliosis’. This terminology is unfortunate 
because Hand-Schiiller-Christian disease has hitherto 
been known as lipid reticuloendotheliosis and Letterer- 
Siwe disease as non-lipid reticuloendotheliosis. 

It is surprising that the treatment of neuroblastoma 
with vitamin B,, is dismissed in two brief sentences. 
In view of the encouraging results reported from Great 
Ormond Street Hospital, this merits more detailed con- 
sideration in a comprehensive book such as this. 

The editing is good and little overlapping between 
contributors has been permitted. A few misprints and 
grammatical errors have escaped correction. The book 
is well produced and generously illustrated, especially 
with clinical photographs and radiographs. A copious 
bibliography is provided. The index is full but would be 
improved by the use of heavy type to indicate principal 
references among multiple entries. 


The Development of the Infant and Young Child—Normal 
and Abnormal. By R. S. ILLINGWorTH. (Pp. 318; 
illustrated. 27s. 6d.) Edinburgh and _ London: 
Livingstone. 1960. 

This is a book about the mental development of 
children during the first five years of life. It is not 
concerned with physical growth nor does it trace the 
mental development in specific mental diseases. The 
title of the book could mislead the casual reader and has 
rather a dull, prosaic sound about it. Not so the text. 
In articles published in recent years Professor Illingworth 
has shown great skill in portraying the social and intel- 
lectual development of young children in words readily 
comprehensible to paediatricians, general practitioners 
and lay social workers alike. In this book he has 
excelled himself. This is a splendid simplification and 
condensation of the original studies of Gesell and others 
adapted by the author for day-to-day clinical use and 
widely modified by his own large experience in paediatric 
practice. The reader is usually given a clear expression 
of opinion and many illustrative case histories are 
recorded. There is a wealth of good, sound, practical 
advice and the text includes several specimen charts for 
recording developmental progress which can be applied 
without any specialized equipment or training. There 
is wise emphasis upon the value of personal history-taking 
by an experienced clinician, though not everyone would 
draw quite the same conclusions from the examples 
quoted. There is, perhaps necessarily, a good deal of 
repetition in the early chapters where norms of develop- 
ment are discussed in the text, then classified in tables 
by age and then again grouped in more complex tables. 
The perpetual problem of deciding what is ‘normal’ and 
when behaviour becomes ‘abnormal’ has often been 
ingeniously circumvented in this book by the device 
of having three standards: (1) Normal, (2) Variations 
from Normal; (3) Abnormal. 
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Each chapter has an excellent bibliography and the 


book has a good index. It would be surprising to find no 
mention of autism in the index, though it receives passing 
mention in the text, but for the conviction that the 
author is really concerned with normal development and 
only considers abnormalities in order to illustrate how 
normal development can be distorted. 

Chapters 5 and 12 deal with pathological development 
in a general fashion rather than in specific disease entities. 
There is a short chapter on the diagnosis of cerebral palsy 
and an entertaining, if not very instructive, chapter on 
persons of exceptional mental superiority. 

The illustrations are clear and useful adjuncts to the 
text and there are very few misprints. There is a slight 
error on page 251 where two lines on electro-encephalo- 
graphy are allowed to intrude into discussion of pneumo- 
encephalography and, taken in conjunction with the 
following sentence, might suggest that electro-encephalo- 
graphy is a dangerous test. 

This book is entertaining and it is practical; it is very 
well written; it should certainly be read by all who are 
engaged in the study of young children and it should be 
purchased for permanent reference rather than borrowed 
from a library. 


The Physiology of the Newborn Infant. By CLEMENT A. 
Smitu. (Pp. xii + 497; 62 figs. 95s.) Oxford: Blackwell 
Scientific Publications. 3rd edition. 1960. 

The supremely high standard of previous editions of 
this classic study are more than fully maintained. Many 
chapters have been re-written. Revision has involved 
careful appraisal of advances made in the study of 
neonatal physiology since publication of the previous 
edition. Acknowledgements make special reference to 
the activities of the Nuffield Institute for Medical Re- 
search at Oxford, and the Department of Experimental 
Medicine at Cambridge. The format of the book 
remains unchanged. Each chapter consists of a scholarly 
evaluation of the present state of existing knowledge 
and prevailing views, and concludes with a summary 
outlining the significance and practical application of 
that knowledge in the clinical care of the newborn infant. 
Together, the richness of his personal research contribu- 
tions and the wide ranging wealth of his references 
afford some indication of the immensity of the task 
undertaken by the author. With admirable skill, 
he marshals his evidence; from a maze of often 
conflicting views delineates a clearly defined theme; 
and with carefully developed, logical argument arrives 
at his assessment of the present position. Established 
facts are given as such. Theories as yet unproven are 
presented in unprejudiced form, but with an indication 
as to the extent to which they may be legitimately per- 
mitted to influence clinical practice. Herein is to be 
found one of the especial among innumerable attractions 
of the book to practising paediatricians. Seldom is 


accumulated experience and erudition available in such 
stimulating and readable form, as in this book. Could 
there be more penetrating answer to the question ‘Does 
physiologic jaundice ever cause kernikterus, or other 
significant pathology?’ than the author’s—‘The clinical 
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problem of physiologic jaundice has heretofore bee 1 
essentially a problem of differential diagnosis. It mzy 
now have become one of definition’? 


Diseases of the Nervous System in Infancy, Childhood ar 4 


Adolescence. 4th ed. By FRANK R. Forp. (P). 
xvi X 1548; 215 figs. 236s.) Oxford: Blackwe | 
Scientific Publications. 1960. 


Frank Ford’s textbook, which is one of the majcr 
classics of medicine, has now reached its fourth editio: . 
The first appeared in 1937. It is becoming increasing: y 
rare for a single writer to attempt to cope with such 21 
extensive field, but the result certainly has advantages :1 
respect of uniformity of presentation and simplicity cf 
reference. Dr. Ford’s approach is refreshingly persona, 
thus: ‘Hysterical deafness is described but I have never 
seen it.’ In this way he avoids carrying over material of 
doubtful validity from previous texts. At the same time 
his account of the subject is very extensive and authorita- 
tive. There is no other work with which it can be 
compared and it is essential to any library dealing with 
paediatrics, neurology or child psychiatry. 

The price of the book makes it unlikely to appeal to the 
individual purchaser though it is worth much more than 
a great deal of ephemeral literature. The volume is well 
documented and some idea of the scope can be gained 
from the fact that the index occupies 221 pages. The 
index would have been much more convenient if authors 
and subjects had been listed separately. The mere 
weight of the book makes it cumbersome for the less 
athletic reader; perhaps two volumes should be con- 
sidered if it is to grow any more. 

Dr. Ford does not give an account of the neurology of 
old age, but otherwise his text is so full that one wonders 
in what other respect it differs from a comprehensive 
treatise on neurology. None the less it will continue to 
make a special appeal to those interested in children. The 
revision of the new edition appears very adequate and has 
obviously involved critical scrutiny of recent publications. 
Crome’s work on the neuropathology of mental sub- 
normality is mentioned four times and a bibliography is 
provided in addition to references in the text. The 
illustrations are excellent and the quality of the paper does 
full justice to them. 

In his section on tuberous sclerosis Dr. Ford states: 
‘No doubt tuberous sclerosis is frequently responsible 
for convulsions which are mistakenly attributed to 
epilepsy’. This might indicate a dualist approach, but in 
fact this is not reflected in the excellent chapter on 
epilepsy which fully recognizes the principle of causality 
and refers only in passing to the ‘so-called essential 
epilepsies’ as those in which ‘no clinical evidence of 
organic disease of the brain can be found’. The author 
also shows a very proper scientific scepticism in regard to 
a special ‘epileptic personality’. 

It is rather surprising to find such an authority as Dr. 
Ford falling into the usual trap about ‘mongolian spots’ 
which he described as part of the syndrome of mongolisni. 
Perhaps we could avoid these difficulties if we used the 
Russian term of ‘Down’s disease’! The true Mongol 
spot is a naevoid formation in the lumbo-sacral are, 


never 
ial of 
time 
orita- 
n be 

with 


the 
than 
well 
ained 
The 
thors 
mere 
> less 
con- 


gy of 
nders 
nsive 
ue to 

The 
d has 
ions. 

sub- 
hy is 

The 
‘does 


fates: 
isible 
d to 
yut in 
r on 
sality 
ential 
ce of 
uthor 
rd to 


s Dr. 
pots’ 
d the 
ongol 
are’, 


BOOK REVIEWS 629 


f »sund among Mongols and Tatars, and has nothing to do 
vith the clinical condition of mongolism. The term 
* Aongolian Idiocy’ should certainly now be abandoned 
s.nce, as Ford himself points out, most of these children 
ere of imbecile level. Also, tuberculosis is no longer 
very common later in childhood among children with 
riongolism. This edition went to press too soon to 
record the interesting new developments in regard to 
chromosome constitution. 

Dr. Ford has done a great service to neurology. His 
book is an essential work of reference in this and related 
fields. It will continue to be of great assistance to the 
practitioner, the teacher and the research worker. The 
English is lucid and simple. 


Infant Foods and Feeding Practice. By HERMAN 
FREDERIC MEYER. (Pp. 360; 14 figs. 78s.) Springfield, 
Illinois: Charles C. Thomas; Oxford: Blackwell 
Scientific Publications. 1960. 

This book, by a Chicago paediatrician, who is Asso- 
ciate Professor of Paediatrics at North-Western Univer- 
sity Medical School, is most refreshing. Written by one 
with a long experience of routine well-baby care as well 
as hospital and domiciliary paediatric practice, it is the 
successor of ‘Essentials of Infant Feeding for Physicians’ 
which was well known in the United States a few years 
ago. In this volume the author has emphasized and 
amplified those sections of the original book which 
proved most popular and helpful, and the title of the 
book has been appropriately changed. 

The theory and practice of dietetics in the first year 
of life, including the newborn period, are thoroughly 
reviewed and discussed in a very satisfying, often 
humorous, down-to-earth manner by one who has 
clearly had a great deal of experience, not only with 
patients but also with parents, doctors and students. 

Breast feeding and its present position in paediatric 
practice in the United States and many other countries 
are fully and objectively considered, though the manage- 
ment of the numerous minor breast disturbances which 
frequently arise in the puerperium, and often unneces- 
sarily lead to weaning, has received too little attention. 
The author deplores the fact that in the United States 
only 20% of babies are now being breast fed on discharge 
from maternity hospital, but he is encouraged by a 
reversal of this regrettable trend in the better educated 
sections of the community, such as university graduates. 

Artificial feeding has been reviewed from its evolu- 
‘onary aspect leading to the contemporary swing back 
of the pendulum to more fundamental, simpler methods, 
ead the somewhat confused American scene with its 
3 varieties of artificial infant foods has been arranged 
‘nd coordinated into a rational picture. 

The various food elements, proteins, fats, carbo- 
| ydrates, minerals and vitamins, are considered in their 
110dern context and many points which are new in a 
took on infant feeding attract the reader. 

The section on mixed feeding is also a happy blend 
©* the modern scientific approach and practical wisdom 
é 1d experience and it is gratifying to find that the author, 
| <e most of the leading American and British paedia- 


tricians, sees no indication for introducing mixed feeding 
until the third or fourth month in the average infant, 
though it is rightly stressed that in this form of feeding, 
as in milk feeding, there are great individual variations. 

The last chapter ‘Clinical Trivia and Philosophic 
Observations in an Every-Day Feeding Practice’ is an 
entertaining and intensely practical account of common 
misconceptions and minor problems. It will be par- 
ticularly useful for students and young paediatricians 
and general practitioners in whose eyes some of these 
minor problems often loom large and may be very 
disturbing. 

The 200 references will prove valuable for those who 
wish to pursue various points further. Although 
written for American paediatric practice this book will 
prove equally welcome and valuable in this and other 
English-speaking countries, for the basic principles of 
dietetics in infancy are similar everywhere. 


Neue Paediatrische Urologie. By EricH Zapp. Beiheft 
zum Archiv fuer Kinderheilkunde, 40. Heft. (Pp. 
142; illustrated.) Stuttgart: Ferdinand Enke Verlag. 
1960. 

In the foreword the author states that this little book is 
written for paediatricians in order to acquaint them with 
recent developments in paediatric urology. The main 
emphasis is on diagnosis; therapy and operations are only 
briefly mentioned. 

The English reader will find this little monograph too 
short to be of much value to paediatricians; but it may be 
of some use to undergraduates and practitioners. It 
appears to be a little out of date; although written in 1960, 
many of the advances in paediatric urology during the 
last decade are not mentioned. 

The first chapter contains brief descriptions of 
paediatric urology and diagnostic methods. It seems 
strange that x-ray cinematography and studies with the 
image intensifier, which have done so much to unravel 
some of the confusion surrounding paediatric urological 
conditions are not described at all, and that the micturat- 
ing cysto-urethrogram, which is perhaps the most 
important of all radiological investigations in childhood, 
receives only scant mention. 

Of the succeeding chapters, some, like the one on 
urinary infections and stone formation in the urinary 
tract, are very adequate, others, like the one on 
megaureters, ectopia vesicae, bladder neck obstruction 
and the neurogenic bladder, are somewhat out of date, 
especially when the treatment and indication for 
treatment are discussed. 

It is, of course, difficult to compress such large and 
rapidly expanding subjects into a few pages, but it is not 
easy to understand why some extremely rare conditions 
like atresia of the urethra and congenital elephantiasis 
of the penis are described in some detail, and why some 
common lesions like phimosis and incompletely 
descended testicles are only very briefly mentioned. 

The author has written a most readable and concise 
little monograph based on a comparatively small series of 
cases. The results mentioned in this book do not quite 
come up to those published by the larger Paediatric 
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Urological Centres in this country or the United States 
of America. One is therefore forced to agree with Doctor 
Zapp when he states that it is unfortunate that in Germany 
paediatric urology is not practised by specialists in this 
field, but remains an appendage to adult urology. 


Intussusception in Infants and Children. By Mark M. 
RavitcH. (Pp. 121; illustrated. 76s.) Springfield, 
Illinois: Charles C. Thomas; Oxford: Blackwell 
Scientific Publications. 1959. 

Intussusception is still a potential killer in young 
children, and anyone dealing regularly with this condition 
will find something of interest in Mark Ravitch’s book. 
It is the first of a new series of paediatric surgical mono- 
graphs, and is based on the author’s experience at the 
Johns Hopkins Hospital, Baltimore. 

The essential theme of the book is the treatment of 
intussusception by barium enema reduction. As soon 
as the diagnosis is made, an intravenous infusion is 
started. An ungreased 45 ml. Foley bag catheter is 
inserted into the rectum, the balloon is inflated, and the 
buttocks tightly strapped. The catheter is connected 
to a reservoir of barium at a height of 3-34 ft. above the 
table. Thereafter, reduction is performed under fluoro- 
scopic control. When the ileum is seen to fill freely, 
reduction is complete. 

This technique in Ravitch’s hands is curative in 
70 to 75% of all cases. When reduction is incomplete 
(in 25 to 30%) it is completed by open operation through 
a McBurney incision, thus avoiding a centrally placed scar. 
Using this technique at the Johns Hopkins Hospital, 
in the 10 years from January 1948 to January 1958, there 
have been 52 cases, and no deaths. Incidentally, there 
were only two resections. 

Ravitch is convinced, by his own experience and that 
of other clinics using this technique, that primary 
reduction by hydrostatic pressure is superior to and safer 
than open operation. Attention is drawn to the curious 
fact that the incidence of intussusception is much higher 
in Britain and Scandinavia than in the United States. 
There are only six to eight cases a year in Ravitch’s clinic, 
contrasting with 30 to 40 cases a year in any big Children’s 
Hospital in this country. 

There is an excellent chapter on errors in diagnosis, 
leading to delay and even to death of the child. Common 
mistakes are misdiagnosing intussusception as dysentery, 
and preoccupation with an associated serious illness. 
This chapter contains much valuable information. 

In the chapter on symptomatology and physical signs, 
the omission of ‘pallor’ is a curious one, since it is so 
common a feature. 

There is a section on experimental studies on dogs, in 
whom intussusception was artificially induced. This 


proves that the apex of the returning limb of the intussu: - 
ception is the first to go gangrenous. This also show; 
that micro-organisms can be found on the serosal surfac = 
of the bowel in from four to 48 hours, and the mo:: 
completely the blood supply is arrested, the more rapidi 
do they pass through the bowel wall. This underlines th: 
importance of antibiotic therapy. 

Resection procedures are discussed. Almost ever’ 
manoeuvre has been tried at some time. Primar, 
resection and anastomosis is still the treatment of choic2 
and holds the field today, but in the extremely ill baby cr 
with oedematous bowel of doubtful viability, there is 4 
place for a decompressive resection of the Mikulicz typ: , 
coupled perhaps with anastomosis. Resections in any 
single clinic are so few that comparison of results i:, 
in Ravitch’s opinion, difficult. 

Every clinic has experience of the child who arrives 
almost irretrievably moribund early in the disease. There 
is no full discussion in this book of that most important 
though still mysterious topic, the cause of death in this 
form of obstruction. There are no hints as to the possible 
aetiology of intussusception. This, too, remains a 
mystery. 

The production as a whole is excellent, easy to read and 
profusely illustrated by first-class radiographic studies. 
There is a very full bibliography. 

This book should be read by all those who are called 
upon to treat intussusception in childhood. 


Kranke Sauglinge. Edited by C. H. VerRBoom. (Pp. xii 
+ 367; 8 figs. D.M. 39.60.) Stuttgart: George Thieme. 
1960. 

As its title implies, this book deals with clinical con- 
ditions arising in infancy. There are 20 chapters, the 
lengthiest of which deal with illnesses in the newborn, 
congenital defects, feeding problems, vitamin deficiencies, 
infectious diseases and modern therapy. A chapter is 
devoted to tetany, infections of the cranial contents and 
acrodynia. Other subjects dealt with include diseases 
of the respiratory, urinary, haemopoietic and integu- 
mentary systems and of the ear, nose, throat and eyes. 
Emphasis is on treatment, including prophylaxis con- 
sidered against the background of health in infancy. 
Intended for the practitioner, the publication is essen- 
tially a reference book. It is based upon the combined 
experience of six clinicians who practise their different 
specialities at the Infant Clinic of the University of 
Freiburg i.Br. Sound material is presented in highly 
concentrated form. [Illustrations number only eight 
and all relate to laboratory aids. There are no references 
but a selected bibliography is provided. The book is 
unlikely to appeal on any large scale to paediatricians or 
general practitioners in this country. 
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